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Contract Lab Program
SAS Parameters

Drinking Water Soil

Qrganics (low detection limits) Dioxin
Inorganics (low detection limits) Additional pesticides
Additional Pesticides Total Organic Carbon
Chloride, Sulfate
Acidity, alkalinity, pH
Nitrate - nitrite

Ground Water and Leachate Sediment

Total Organic Carbon
Additional Pesticides Total Organic Carbon
Sulfate, chloride
Acidity, alkalinity, pH
Nitrate - nitrite
BOD, COD
Ammonia
TKN
Phosphorus (total)

Surface Water Lagoon Waste

TDS Dioxin
TSS Additional Pesticides
Alkalinity, acidity, pH Incineration Parameters
Sulfate, chloride
Nitrate - nitrite
Phosphorus (total)
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DRINKING WATER S AS REQUESTS
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u.S. ENVIRONMENTAL PROTECTION AGENCY
CLP Sample Management Office
P.O. Box 818, Alexandria, Virginia 223113
PHONE: (703)557-2490 or FTS/557-2490

SPECIAL ANALYTICAL SERVICES
Client Request

X Regional Transmittal __ Telephone Request

A. EPA Region/Client: Region V WW Engineering & Science

B. RSCC Representative: Jan Pels________________

C. Telephone Number (312^353-2720

D. Date of Request: ________

E. Site Name: Skinner Landfill - West Chester. OH________

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory
capability for your request, please address the following considerations, if applicable.
Incomplete or erroneous information may result in delay in the processing of your
request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:________________

Organics - Drinking water with low level detection limits, and low level
methylene chloride requirements.___________________________

2. Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

Twenty-four (24) drinking water samples, including duplicates and spikes.
Whole solid samples assumed._____________________________________

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement),
RCRA, NPDES, etc.):

Suoerfund - Remedial Action________________ ____

eid c: & a: ARCSNM003V:lpfomi6



4. Estimated date(s) of collection:.

5. Estimated date(s) and method of shipment:____________________

Daily by overnight carrier.

6. Number of days analysis and data required after laboratory receipt of samples:

Laboratory should report results within 30 days after receipt of samples._____

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):

CLP SOW for Organic Analysis (Multi-Media. Multi-Concentration). 8/87._____

8. Special technical instructions (if outside protocol requirements, specify
compound names, CAS numbers, detection limits, etc.):

1. Modifications to the CLP Organic SOW 8/87 in Attachment I.______________
2. Required low level quantitation limits in Attachment II.____________
3. Methvlene chloride: CAS Number 75-09-2. As per CLP Organics SOW 8/87
with the following modifications: the laboratory is required to demonstrate that
the laboratory blank/method samples do not contain methylene chloride at
concentrations greater than the required detection limits prior to or in between
sample analysis. If this criteria is not met, correction action shall be taken fore
the sample analyses begin.________________________________

9. Analytical results required (if known, specify format for data sheets, QA/QC
reports, Chain-of-Custody documentation, etc.). If not completed, format of
results will be left to program discretion.

As per CLP Organics SOW 8/87 with modifications as outlined in Attachment I.

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact: Bob Phillips

Phone: (616^ 942-9600 ext. 263________________

eid c: & »: ARCSO4003Nclpfonti6



12. Data Requirements

Parameter

Methylene Chloride
See Attachment II

13. OC Requirements

Audits
Required

As per CLP Organic
SOW 8/87____

Detection
Limit

Precision Desired
(Percent or

Concentration)

1 ug/1
See Attachment II

±20%
±20Z

Frequency
of Audits

As per CLP Organic
SOW 8/87_____

Limits
(Percent or

Concentration)

Exceptions to CLP
Organic SOW 8/87.
(see attachment

14. Action Required if Limits are Exceeded

Take corrective action and repeat analysis.
Contact Region V RSCC Jan Pels (312) 353-2720 or
Chuck Ellv 353-9087

Please return this request to the Sample Management Office as soon as possible to
expedite processing of your request for special analytical services. Should you have any
questions or need any assistance, please contact your Regional representative at the
Sample Management Office.

eid c: & i: ARCS\04003Sclpform6



U.S. ENVIRONMENTAL PROTECTION AGENCY Methylene Chloride
CLP Sample Management Office
P.O. Box 818, Alexandria, Virginia 223113
PHONE: (703)557-2490 or FTS/557-2490

SPECIAL ANALYTICAL SERVICES
Client Request

X Regional Transmittal _ Telephone Request

A. EPA Region/Client: Region V WW Engineering & Science______

B. RSCC Representative: Jan Pels______________________

C. Telephone Number (312^353-2720

D. Date of Request: October-December. 1989

E. Site Name: Skinner Landfill - West Chester. OH______

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory
capability for your request, please address the following considerations, if applicable.
Incomplete or erroneous information may result in delay in the processing of your
request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:

Analysis of soil and water using RAS and SAS analysis. SAS analysis for
methylene chloride shall demonstrate that the laboratory blank/method blank
samples do not contain methylene chloride.____________________

2. Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

Thirty-nine (39) groundwater. 5 leachate. 48 surface water. 48 sediment, and 80
soil samples. Low to medium concentration. Included duplicates and blanks.

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement),
RCRA, NPDES, etc.):

Suoerfund - Remedial Action_____________ ___ ___ __

eid c: & i: ARCS*4003\clpform5



4. Estimated date(s) of collection:.

October-December. 1989

5. Estimated date(s) and method of shipment:.

Dailv bv overnight carrier._________

6. Number of days analysis and data required after laboratory receipt of samples:

Laboratory should report results within 30 days after receipt of samples______

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):

As per CLP SOW for Organic Analysis (Multi-Media. Multi-Concentration').
SOW 8/87 for analysis of methylene chloride. SAS methvlene chloride sample
should be sent to assigned RAS organics laboratory.__________________

8. Special technical instructions (if outside protocol requirements, specify
compound names, CAS numbers, detection limits, etc.):

Methylene chloride: CAS Number 75-09-2. As per CLP Organics SOW 8/87
with the following modifications: the laboratory is required to demonstrate that
the laboratory blank/method blank samples do not contain methylene chloride at
concentrations greater than the required detection limits, prior to or in between,
sample analysis. If this criteria is not met, corrective action shall be taken before
the sample analyses begin._____________________________

9. Analytical results required (if known, specify format for data sheets, QA/QC
reports, Chain-of-Custody documentation, etc.). If not completed, format of
results will be left to program discretion.

As per CLP Organics SOW 8/87.____________________________

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact: Bob Phillips________________

Phone: (616) 942-9600 exi 263____________

eid c: A. »: ARCSV04003Vlpform5



12. Data Requirements

Precision Desired
Detection (Percent or

Parameter Limit Concentration)

Methylene chloride ________________ _____
in water_________ Sue/I___________ 80-120%
in water_________ Sue/kg__________ 80-120%

13. OC Requirements

Limits
Audits Frequency (Percent or

Required of Audits Concentration)

as per CLP Oreanics SOW 8/87________ __________

14. Action Required if Limits are Exceeded

Take corrective action and repeat analysis.
Contact Region V RSCC Jan Pels (312^ 353-2720 or
Chuck Ellv (312^ 353-9087

Please return this request to the Sample Management Office as soon as possible to
expedite processing of your request for special analytical services. Should you have any
questions or need any assistance, please contact your Regional representative at the
Sample Management Office.

eid c: & »: ARCS\04003\clpform5



U.S. ENVIRONMENTAL PROTECTION AGENCY Waste Samples
CLP Sample Management Office Additional Pesticides
P.O. Box 818, Alexandria, Virginia 223113
PHONE: (703)557-2490 or FTS/557-2490

SPECIAL ANALYTICAL SERVICES
Client Request

X Regional Transmittal __ Telephone Request

A. EPA Region/Client: Region V WW Engineering & Science________

B. RSCC Representative: Jan Pels________________________________

C. Telephone Number (3m 353-2720

D. Date of Request: ________

E. Site Name: Skinner Landfill - West Chester. OH_________

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory
capability for your request, please address the following considerations, if applicable.
Incomplete or erroneous information may result in delay in the processing of your
request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:

High hazard waste sample analysis of seven chlorinated hydrocarbon compounds:
3 which are currently TCL compounds. 4 which are not, using SAS 3900-1
protocol (see Table 1). Analysis by GC/MS method per SAS 3900-1. Standards
may be difficult to obtain. Contact EPA Pesticide Repository. Laboratory should
perform preparation and analysis only for extractable fraction, which includes
pestides.______________________________________________________

2. Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

58 High hazard waste samples. Whole solid samples assumed. Includes
duplicates.___________________________________________________

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement),
RCRA, NPDES, etc.):

Suoerfund - Remedial Action _______________________

eid c: & i: ARCStf400T<clpform2



12. Data Reauirements

Parameter
Detection

Limit

Precision Desired
(Percent or

Concentration)

Chlordene
Hexachloronorboradiene
1.2.3.4.5.7.7. Hepta-

chloronorborene_____

20 me/kg
20me/ke

Octachlorocyclopentene
Hexachlorobutadiene

20 me/kg
20 me/kg
20mg/kg

Hexachlorobenzene
Hexochloroboradiene

20mg/kg
2Q_me/ke_

plus/minus 35%
plus/minus 35%

plus/minus 35%
plus/minus 35%
plus/minus 35%
plus/minus 35%
plus/minus 35%

13. OC Requirements

Audits
Required

as per SAS 3900-1

Frequency
of Audits

as per SAS 3900-1

Limits
(Percent or

Concentration)

plus/minus 35%

14. Action Required if Limits are Exceeded

As per SAS 3900-1.
Contact Region V RSCC Jan Pels (312) 353-2720 or
Chuck Ellv (312)353-9087

Please return this request to the Sample Management Office as soon as possible to
expedite processing of your request for special analytical services. Should you have any
questions or need any assistance, please contact your Regional representative at the
Sample Management Office.

eid c; & t: ARCS>04003\clpform2
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U.S. Environmental Protection Agency
CLP Sample Management Office
P. 0. Box 818, Alexandria, Virginia 22313
PHONE: (703J/557-2490 or FTS/557-2490

SAS Number

SPECIAL ANALYTICAL SERVICES
Client Request

Regional Transmlttal I I Telephone Request

'*. EPA Region/Client: Region V_____________WW Engineering & Science

B. RSCC Representative; Jan Pe1s_______________________________
C. Telephone Number: 312/353-2720

D. Date of Request: _________
E. Site Name: Skinner Landfill - West Chester, Ohio__________________

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability
your request, please address the following considerations, if applicable. Incomplete or
erroneous information may result in delay In the processing of your request. Please contini
-esponse on additional sheets, or attach supplementary Information as needed.
1. General description of analytical service requested: Analysis of drinking water/

residential wells for hexach1oronorboradiene» octachlorocyclopentene. chlordflne,

heptachloronorborene by the detection limit modification of CLP SOW 8/37.______

Standards may be difficult to obtain (check with EPA Pesticide Repository).________

2. Definition and number of work units-Involved (specify whether whole samples or
fractions; whether organic* or Inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):
____24 drinking water samples including duplicates and blanks._____________

Whole aqueous samples of low concentration are assumed.__________________.

Includes duplicates and spikes.____________________________________

, Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):

Superfund - Remedial Action



r
- 2 -

4. Estimated date{s) of collection:______
5. Estimated date(s) and method of shipment: °*Vy by overnight carrier.________

6. Number of days analysis and data required after laboratory receipt of samples:
Laboratory should report results within 30 days after receipt of samples.

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):

CLP SOW for Organic Analysis (Multi-Media. Multi-Concentration) 8/87. Analyze

using GC/ECP according to SOW for pesticides. For samples that are greater than

requested GC/MS detection limits,analyze according to SOW for BW fraction.

8. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):________________________
1. Modification to the CLP Organic SOW 8/87 in Attachment I.___________________

2. Required low level quantisation limits in Attachment II. Perform method detection

limit study as per 40 CFR 136, Appendix B. Conduct calibrations and QA/QC (using

chlordene, octachlorocyclopentene, heptachloronorborene, and heptachloronorboradi'ene.)

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc:). If not completed, format of results will be
left to program discretion.

As per CLP Organi'cs SOW 8/87 with modifications as outlined in Attachment I.______

10. Other (use additional sheets or attach supplementary information, as needed);

11. Name of sampling/shipping contact: Bob Phillips
Phone: 616/ 942-9600 EXT 263



I. DATA REQUIREMENTS

3.

Parameter:

see Attachment II

Detection Limit

see Attachment II

Precision Desired
(+% or Cone.)
+ 20%

11. QC REQUIREMENTS

Audits Required

as per CLP Organics
SOW 8/87

Frequency of Audits

as per CLP Organics
SOW 8/87

Limits* (% or Cone.)

exceptions to CLP
Organics SOW 8>87;
see Attachment I

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Contact Region V RSCC: Jan Pels 312/ 353-2720 or Chuck Ellv 312/ 353-9087

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.



ATTACHMENT I

MODIFICATION TO THE CLP ORGANICS SOW 8/87
FOR THE REGION V RESIDENTIAL WELL SAS

SEMI-VOLATTLES ANALYSIS

a) Extraction/Slowdown: Extract entire liter bottle, rinsing cap and bottle, and add
to sample. Final blowdown volume may be decreased to 0.5 ml to achieve
required detection limits.

b) Initial Calibration: Five points at 5,10,20,50, and 100 total nanograms.

c) Continuing Calibration: 20 total nanograms.

d) Surrogate Standards: SOW standards spiked as 20 ppb for base-neutral standards.

e) Matrix Spike/Matrix Spike Duplicate: Matrix spike compounds as per the SOW
spiked at 20 ppb for base-neutrals.

PESTICIDES ANALYSIS

a) Extraction/Slowdown: Extract entire liter bottle, rinsing cap and bottle, and add
to sample. Final blowdown volume may be decreased up to one-half the SOW
specifications to achieve required detection limits.

b) Surrogate Standards: SOW standards spiked as 0.2 ppb (1/5 the SOW
concentration).

c) Matrix Spike/Matrix Spike Duplicate: SOW matrix spike compounds spiked at
1/5 the SOW concentration.

ANALYTICAL RESULTS REQUIRED

a) Quantitation Limits: Organic Analysis Data Sheets, Form 1, will reflect detection
limits experimentally determined and verified previously by the contractor. This
will include a method detection limit study and verification spikes at the
determined MDL. The verification spikes must meet all quantitative criteria (i.e.,
mass spectral ions/abundances, retention times).

b) Dilutions: The contractor will request permission of the Region to dilute any
sample exceeding the initial calibration range for any parameter. Diluted and
undiluted sample data will be included in the results as per the SOW.



OC REQUIREMENTS

a) Initial Calibration: SPCC criterion apply. The %RSD for the RF's for all
compounds must be<35%. The RF's for all other (non-SPCQ compounds must
be>0.05.

b) Continuing Calibration: SPCC criterion apply. The %D for the RF's for all
compounds must be <25%. The RF's for all other (non-SPCC) compounds must
be>0.05.

c) Matrix Spike/Matrix Spike Duplicates: SOW criterion apply for %R and
%RFD's.

d) Surrogates: SOW criterion apply for %R and corrective action.

e) Blanks: SOW criterion apply.

MMl •



ATTACHMENT H

TASK: Analysis of drinking water samples for four organochlorine hydrocarbons;
to be analyzed using GC/EC and GC/MS.

REQUESTED REQUESTED
LIMIT LIMIT

FOR GC/EC FOR GC/MS
COMPOUND fug/I) (ug/i)

Hexachloronorboradiene 0.02 1.0

Octachlorocyclopentcne 0.02 1.0

Heptachloronorborene 0.02 1.0

Chlordene 0.05 1.0

MtO - (EMU) Bck/MM/SKNIATCB



WATER MATRIX SAS REQUESTS
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r
U.S. Environmental Protection Agency
CLP Sample Management Office
P. 0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SAS Number

SPECIAL ANALYTICAL SERVICES
Client Request

Regional Transmlttal

A. EPA Region/Client: Region V

C. Telephone Number:

D. Date of Request:

E. Site Name:

Telephone Request

WW Engineering & Science

Jan Pels

312/ 353-2720

Skinner Landfill - West Chester, Ohio

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability
your request, please address the following considerations, if applicable. Incomplete or
erroneous information may result 1n delay 1n the processing of your request. Please contini
response on additional sheets, or attach supplementary information as needed.

1. General description of analytical service requested:
Analysis of water samples for chlordene. heptachloronorborene, octachlorocyclopentene.

and hexachloronorboradiene by CLP SOW 8/87 methods.______________________

Standards may be difficult to obtain (check with EPA Pesticides Repository).______

2. Definition _and number of work units-involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):
Analysis of___ 39 low level ground water (potentially medium for VOA's) and__

___48 surface water samples.__________________________________

Whole aqueous samples are assumed. Includes duplicates and spikes.____________

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):

Superfund - Remedial Action



r
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4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment; »"* b* Overn1ght Carrier'________

6. Number of days analysis and data required after laboratory receipt of samples:
Laboratory should report results within 30 days after receipt of samples.

7. Analytical protocol required (attach copy 1f other than a protocol currently used 1n
this program):

CLP SOW for Organic Analysis (Multi-Media, Multi-Concentration) 8/87. Analyze

using GC/ECP according to SOW for pesticides. For samples that are greater than

requested GC/MS detection limits,analyze according to SOW for BW fraction.

8. Special technical Instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection Units, etc.):________________________
Conduct a method detection limit study prior to analysis as per 40 CFR 136,

-Appendix B. Analyze as per SOW and perform required calibrations and QA/QC

using chlordene. octachlorocyclopentene. heptachlorohorborene. and hexachloro-

norboradiene.

9. Analytical results required (If known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc:). If not completed, format of results will be
left' to program discretion.

As per CLP Organics SOW 8/87 . _______________ ____ _.______

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact; Bt>b Phillips

Phone: 616/ 942-9600 EXT 263



r 3.

I. DATA REQUIREMENTS

Parameter:

Hexachloronorboradi ene

Chlordene_______
Heptachloronorborene

Octachlorocyclopentene

Detection Limit

see Table I

see Table I
see Table I

see Table I

Precision Desired
l+J or cone.)

+ 20%________

+ 20%________
+ 20%

+ 20%

IT. QC REQUIREMENTS

Audits Required Frequency of Audits Limits* (I or Cone.)

Hexachloronorboradlene

Chlordene________
Heptachloronorborene

Octachlorocyclopentene

see Table II

see Table II
see Table II

see Table II

20%

20%

20%

20%

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Rerun samples.

Contact: Jan Pels 312/ 353-2720 or Chuck Elly 312/ 353-9087

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need anv assistance, please call the Sample Management Office.



TABLE I

TASK: Analysis of water samples for four organochlorine hydrocarbons; to be
analyzed using GC/EC and GC/MS.

REQUESTED REQUESTED
LIMIT LIMIT

FOR GC/EC FOR GC/MS
COMPOUND lugfll fug/1)

Hexachloronorboradiene 0.05 10

Octachlorocyclopentene 0.05 10

Heptachloronorborene 0.05 10

Chlordene 0.05 10

MM> • lOan •ck/MM/SDdATCH



TABLE II

QC LEVEL OF EFFORT FOR O-P ANALYTICAL SERVICES

Method of
Analysis

GC/HS

Lab Blanks

One per set of
samples or a min-
imum of 1 In 10

Spikes or Surrogates/Spikes

Surrogates added to each
sample and matrix spikes
added to one sample per
set

Lab Duplicates

NR

Matrix Spike Duplicate

One per set of samples
or a minimum of 1 In 10

GC/EC One per set of
samples or a min-
imum of 1 In 10

One spike per set of
samples or a minimum of
1 In 10

One per set of
samples or a min-
imum of 10

One per set of samples
or a minimum of 1 1n 10



i/005__-0-7/87 Chloride 1n Water 7/30/87

J.S. Environmental Protection Agency _ . _ _
:LP cample Management Office
'. Box 818, Alexandria, Virginia 22313
>HON£: (703)/557-2490 or FTS/557-2490

Number

SPECIAL ANALYTICAL SERVICES Approved For Scheduling
Client Request

I Regional Transmlttal Telephone Request

|u EPA Region/Client: Region V WW Engineering & Science

B. RSCC Representative: ___ J«n Pels

Telephone Number: (312) 353-2720

Date of Request:
. Site Name: Skinner Landfill - West Chester, Ohio _________________________

*lease provide below a description of your request for Special Analytical Services under
t1- Contract Laboratory Program. In order to most efficiently obtain laboratory capability for
I request, please address the following considerations, 1f applicable. Incomplete or

rroneous Information nay result 1n delay 1n the processing of your request. Please continue
response on additional sheets, or attach supplementary Information as needed.

1. General description of analytical service requested: Analysis of chloride, 1n _______

water (surface waters, groundwater. drinking water, leachate. etc.). Samples will be ___

* unfUtered. This SAS 1s meant for routine monitoring of waters at a waste site. _______

i. Definition and number of work units Involved (specify whether whole samples or
fractions; wFether organlcs or Inorganics; whether aqueous or soil and sediments;

• and whether low, medium, or high concentration): ____39 low (potentially medium for VGA'S)
jround water, 48 low surface water. 24 low drinking water samples., and______________

•I 5 leachate samples._______________________________________________________

__ Whole aqueous samples are assumed. Includes duplicates and blanks.________________________

Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):

^^ Superfund - Remedial Action



5/005 -0-7/87 7/30/87 Analysis of chloride 1n water
~~ - 2 -

4. Estimated date(s) of collection:

5. Estimated date(s) and method of Shipment:, Daily by overnight carrier._______________

6. Number of days analysis and data required after laboratory receipt of samples:
Laboratory should report results within 50 days.___________________________

7. Analytical protocol required (attach copy 1f other than a protocol currently used 1n
this program):

1. EPA Method 325.1 (Color1metr1c. Automated Ferr1cyan1ce. AA-I) 1983ed.. or________

2. EPA Method 325.2 (Color1metr1c. Automated Ferrlcyanide. AA-II) 1983ed.. or_______
Note: A Region V CRL Auto Analyzer Manifold 1s attached for Method 325.2 to correct

_____errors In MethodI 325.2*s manifold diagram._______________________________

3. ASTM Colorlmetrlc Method (Manual Method) -ASTM D 512C-81. or_____________(K
^4;Method 407C (Potentlometrlc TltratTon) Standard Methods, 16th ed. Samples

____will be kept at 4°C until analysis and validation of results.___________________

8. Special technical Instruction (1f outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.)'

For colprlmetrlc methods (1) use a standard
curve between 0 and 300 mg/1 or less,(2) the~ca!1brat1on curve must Include 5 points or
more (Including a zero concentration standard), and (3) samples with absorbances or peak
heights greater than highest standard must be diluted and reanalyzed.For t1tr1metric
method 1) use either 0.01*1 or 0.025 N tltrant, 2) automated pptentlometrlc tltrators ^__
acceptable, 3) do not use more than 20 ml tltrant for 50 ml or 100 ml samplei allquots,
dilute and reanalyze any sample allquots requiring more than 20 ml tltrant, 5) remove any
Interfering chromate, ferric Iron, sulflde, and sulflte, and 6) standardize tltrants dally.
Obtain approval of CPMS. CRL prior to use of any other method._______________________

9. Analytical results required (1f known, specify format for data sheets, QA/QC reports,
Chaln-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

The test procedure used will be clearly Identified. For the
Colorlmetrlc methods, bench records tabulating order of calibration standards, verification
and control standards, samples, matrix spikes, tltrant blanks, etc, with resulting peak
height, concentration, or absorbance read-cuts will be provided with copies of worksheets
used to calculate results. For the tltratlon method, any potentlometrlc tltratlon curves
and all bench records tabulating tltrant standardization, samples, aliquot volumes, matrix
spikes, etc, will be provided. Records of tltrant standardization and tltrant blanks will
be provided. A photocopy of Instrument readouts, 1e. strip charts, printer tapes, etc.
must be Included for all analyses. All records of analysis and calculations must be legible
and sufficient to recalculate all sample concentrations and QA audit results.
EPA QC reference samples, or any other reference sample or Initial calibration verification,
will be Identified as to source, lot number, and sample number. Corresponding "true" or
target values and associated 95X confidence limits for analysis results will be provided
for all reference samples used.

10. Other (use additional sheets or attach supplementary Information, as needed):

11. Name of sampling/shipping contact; Bob Phillips__________________________

Phone- 616/ 942-9600 EXT 263



5/005G-0-7/87 7/30/87 Analysis of chloride In water

3.

DATA REQUIREMENTS

Parameter; Detection Limit Precision Desired
(+% or Cone.)

Chloride________ 5 mg/1_______ Differences 1n
duplicate sample
results are to be
<5 mg/1 for concentrations

Note; These are minimum requirements_________ <SO ng/1 and are to be
Report actual detection limit u s e d , < 1 0 % f o r concentrations
based on allowable methodology options._______ exceeding 50 mg/1. The

significant figures to
_______________ ____________ report depend on sen-

sitivity of colorimetrlc
curve or number of signifi-
cant figures 1n tltrant
volume.

II. QC REQUIREMENTS - Do not use designated field blanks for QA Audits.

Audits Required Frequency of Audits Limits* (% or Cone.)

a) For Methods 325.1, 325.2, and ASTM D 512C

Matrix Spike* 1 per group of 10 or 85 - 115% Recovery
____________ fewer samples_____
Lab Duplicate • • •+ (10% or 5 mg/1}

L a b Blank " " < 5 mg/1
Calibration Verification Std. "_________• 90-110% Recovery
1 Set of ERA QC Mineral Ref. 1 per sample s e t 8 5 - 1 1 5 % Recovery
Samples - 2 Concentrates ______________ ____________

b) For Method 407C

Same as Item Ha for Matrix Spike*, Lab Duplicate, and QC Mineral Reference Samples.
Lab Blank (Not T1trat1on Blank) Beginning and end of -3 to +3 mg/1____

sample set
Calibration verification At end of sample set 95 - 105* Recovery
Standard (Same as Tltrant Standardization)
*Matr1x spike concentrations will be greater than 30% of the sample concentration,
but spiked sample shall not exceed the working range of the standard curve or
titration.

II. ACTION REQUIRED IF LIMITS ARE EXCEEDED;

Take corrective action and reanalyze samples - Contact Jan Pels (312) 5.55-2720
•

or Charles T. Elly (312) 353-9087._____________________________

Please return this request to the Sample Management Off ice as soon as possible to
expedite processing of your request for special analytical services. Should you

have any questions or need any assistance, please call the Sample Management Office.
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U.S. Environmental Protection Agency
CLP Sample Management Office
P. 0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

Sulfate in Water July 30, 1987

SAS Numoer

SPECIAL ANALYTICAL SERVICES
Client Request

Approved For Scneduling

Regional Transmittal Telephone Request

Region V
Jan Pels

A. EPA Region/Client:

B. RSCC Representative:__

C. Telephone Number: (312) 353-2720____________

D. Date of Request: ___________________________
E. Site Name: Skinner Landfill - West Chester. Ohio

WW Engineering § Science

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to Host efficiently obtain laboratory capability for
your request, please address the following considerations, If applicable. Incomplete or
erroneous information may result 1n delay in the processing of your request. Please contim
response on additional sheets, or attach supplementary Information as needed.

1. General description of analytical service requested: Analysis for sulfate 1n water

(surface water, groundwater. drinking water, leachate. etc.). Samples will be unfiltered.

Results are reported as mg/1 SO,.______________________________________

2. Definition and number of work units Involved (specify whether whole samples or
fractions; whether organics or Inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

39 low (potentially medium for VGA's) groundwater; 48 low surface

water; 24 low drinking water; and 3 medium hazard leachate samples.

IVhole aqueous samples assumed. Includes duplicates and blanks.__________

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):
Suoerfund - Remedial Action
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4. Estimated date{s) of collection:

Estimated date(s) and method of shipment: Daily by overnight carrier.______________^

6. Number of days analysis and data required after laboratory receipt of samples:

Laboratory should report results within 30 days.______________________________

7. Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):

1. EPA Method 375.2 (Colorimetrlc Methylthmol Blue) - 1983 ed._______________
- Note:This method requires 0.75 mg/1 504 in Dilution Water(See Reagent Section 6.8)

T. Method 426C of Standard Methods, 16th ed. (Turbidimetric)————————————————
_____- Note; this last method provides for measurement of sulfate using 2 standard curves-

1 for sulfate concentrations between 0 and 10mg/l, and 1 between 10 and 40 mg/1
____sulfate._________________________________________________

____Samples will be kept at 4°C until validation of results.____________________

8. Special technical Instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

Sample holding time 1s not to exceed 28_______
days from date of sample collection. Sulfate standards will be prepared daily from stock
solution.Samples witn absorbances or turbidities greater than that in the highest stan-
dard will be diluted and rerun. For Method 426C. 1) the reanalysis solution should contain
between 20 and 40 mg/1 sulfate, and 2) concentrations must be corrected for background
turbidity and color per Section Sd of Method 426C using pH adjusted sample aliquots.______
Use only the methods specified.Calibration curves must Include at least 6 points
(including a zero concentration standard) for Method 375.2 and Buffer A of Method 426C.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, et:.}. If not completed, format of results will be
left to program discretion.

The test procedure used must be clearly identified. Results
shall be reported as mg/1 SOY.Bench records tabulating the order of calibration standards,
lab control standards, lab b'anks. samples, spikes, etc.. with resulting absorbances_____
or concentration readouts, will be provided along with copies of worksheets used to cal-
culate results. Background absorbances used for turbidity corrections must be tabulated
for each sample aliquot tested.A photocopy of the Instrument readout (ie. strip charts,
printer tapes, etc.) must be Included. All records of analysis must be legible and________
sufficient to calculate all concentrations and results.
EPA QC reference samples, or any other reference sample or Initial calibration verification,
will be identified as to source.lot number, and sample number.Corresponding "true" or
target values and associated 95t confidence limits for analysis results will be provided
for all reference samples used.

10. Other (use additional sheets or attach supplementary information, as needed):

Name of sampling/shipping contact:____Bob Phillips

Phone: 616/ 942-9600 EXT 263
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I. DATA REQUIREMENTS

Parameter:

Sulfate

-3-
Sulfate in Water July 30, 1987

Detection Limit

5 mg/1______

Note: These are min-
imum requirements. Report
the actual detection limits
used based on allowable
methodology options*

Precision Desired
(+1 or Cone.)

Method 375.2:
Differences in duplicate
sample results are to
be < 5 mg/1 for con-
centrations < 50 mg/1,
and < 10* for concentrations
> 50 mg/1.
jjethod 426 C:
Differences in dupli-
cate sample results
are to be _< 2 mg/1 for
concentratTons < 20
rng/1 and <_ 10% Tor
concentraFions > 20
mg/1 in aliquot tested.

II. QC REQUIREMENTS - Do not use designated field blanks for QA audits.

Audits Required

Matrix Spike*

Lab Duplicate

Lab Blank (0 mg/1 504)

Lab Blank (10 mg/1 SO*)

Call oration Verification
Standard_________
1 Set of EPA QC Mineral
Reference Samples

Frequency of Audits

1 per group of 10 or
fewer samples_____

Limits* (* or Cone.)

85-1151
or 5 mg/1) for

Method 375.2 _______
+ (101 or 2 rng/1) for
Method 426C ______
< 5 mg/1 - Method 375.2
-2 to +2mq/1 -Buffer B of
Method 42 6C or ~"
8 to 10mq/l - Buffer A of
Method 426C

1 per group of 10 samples
and at end of sample set
once per sample set

90 - 110*

for each
concentration.

*Matrix spike concentrations will be greater than 30% of sample concentrations,
but spiked samples shall not exceed working range of standard curve.

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED;
*

Take corrective action and reanalyze samples._________________________

Contact Jan Pels (312) 353-2720 or Chuck Elly (312) 353-9087.____________
*

Please return this request to the Sample Management Office as soon as possible to
expedite processing of your request for special analytical services. Should you
have any questions or need any assistance, please call the Sample Management
Office.



5/014 -0-5/87 N i t r a t e / n i t r i t e 6/29/87

U.S. Environmental Protection Agency
CLP Sample Management Office
P. 0. Box 813, Alexandria. Virginia 22313
PHONE: (703J/557-2490 or FTS/557-2490

SAS NumOer

APPROVED FOR SCHEDULING
SPECIAL ANALYTICAL SERVICES

Client Request _______________ _

Regional Transmittal Telephone Request

A. EPA Region/Client: Region V______________WW Engineering 5 Science

B. RSCC Representative:_ Jan Pels____________________________

C. Telephone Number: 312/ 353-2720

D. Date of Request: _____________

E. Site Name: Skinner Landfill - West Chester. Ohio____________________________

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability for
your request, please address the following considerations, 1f applicable. Incomplete or
erroneous information nay result In delay In the processing of your request. Please continue
response on additional sheets, or attach supplementary Information as needed.

A. General description of analytical service requested: Analysis of nitrate plus nitrite

(as mg/1 N) 1n water (surface water ground water, drinking water, leachates, etc.)_____
• •

Samoles will be unfUtered.

2. Definition and number of work units Involved (specify whether whole samples or
fractions; whether organics or Inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):
_____39 low ground water (potentially medium hazard for VGA's);____________.

24 low drinking water;____48 low surface water; and three (3) medium hazard leachate.

Whole aqueous samples assumed. Numbers include duplicates and blanks.

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):
Superfund - Remedial Action



4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: Daily by overnight carrier.________

6. Number of days analysis and data required after laboratory receipt of samples:
lahnrafnry should report results _ within 30 days.______________________________ __

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):
1) EPA Method 353.1 (colorimetric, automated hydrazine reduction)._________________
2) £PA Method 353.2 (colorimetric, automated cadmium reduction).
3) EPA Method 353.3 (colon'metric. manual cadmium reduction).___________________

For all methods:
Samples will be stored at 4*C ""til analysis and validation of results. Samples will
be preserved in the field with sulfuric acid (1 nl/1) to pH<2.The analytical working
range shall not exceed 0.1 to 10.0 mg/1 N._____________________________________________________

For Methods 353.2 or 353.3; If more than one reduction column 1s used separate_____
calibrations, QA audits, and records are required for each column.The column used
must be identified for each analytical result._________________________________________

8. Special technical Instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

Analyze the samples within 28 days after_____
collection. Check the sample pH (wide range pH paper is acceptable).If the pH>2
contact CPMS, CRL for Instructions. Use only the methods specified in item 7. Obtain_____
approval of CPMS, CRL before using any other method.
For Methods 353.2 and 353.3: After checking the pH 1t 1s recommended that tnetlaboratory
check for residual chlorine (or oxidizing reagents) and sulfide using test strips such as
starch Iodide and lead acetate papers. Contact CPMS, CRL If these Interferences are_____
present; however, the "laboratory Mist remove these interferences prior to analysis.
The laboratory Bust also minimize Interferences due to metals In order to prolong colur _
life.(See Section 7.1.2 of Method 353.3)It 1s suggested that the laboratory may di• _~
samples up to ten-fold prior to analysis (Section 7.4 of Method 353.3) provided that the
final analytical working range does not exceed 0.1 to 10.0 mg/1 N.
For all methods; Neutralize samples to pH 5-9 (or to phenolphthaleln color end-point)_______
prior to analysis.Dilute and reanalize the neutralized samples if the concentrations
exceed that of the highest standard. Use at least five calibration standards (including
a zero standard ).Prepare the lab blank using 1 ml of H£$04/1.Neutralize and analyze
it like a sample.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion:

The test procedure used must be clearly identified. Bench
records tabulating the order of calibration standards, lab control standards, lab blanks,
samples, spikes, duplicates, etc., with resulting absorbances or concentration readouts
will be provided.Worksheets used to calculate results wi11 be included.Any sample
treatment to remove Interferences rill be documented. The laboratory shall submit photo-
copies of the instrument readout (strip-charts, printer tapes, etc.) All records of
analysis and calculations must be legible and sufficient to recalculate all concentrations.
Results are to be reported as mg N/l.
EPA QC reference samples, or any other reference sample or initial calibration verification,
will be identified as to source, lot number, and sample number. Corresponding "true" or
target values and associated 95S confidence limits for analysis results will be provided
for all reference samples used.

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/snipping contact; Bob Phillips _____________________________________________

Phone: 616/ 942-9600 EXT 263



5/01-iG-0-6/S7 3. Analysis of Nitrate 6/29/87

I. DATA REQUIREMENTS

Parameter:

Nitrate + Nitrite

Note: These are minimum
requirements. Report actual
detection limits used based
on allowable methodology
options.———————

Detection Limit

0.10 mg/1 as N

Precision Desired
[+% or Cone.)

Duplicate results must
be within 10* for con-
centrations _>lmg/l
or within O.T mg/1 for
concentrations £ lmg/1
Results will be~Veported
to the nearest 0.1 mg/1
for cone, less than 1.0
ag/1 and to 2 significant
figures for cone, exceed-
ing 1 mg/l-N.

II. QC REQUIREMENTS - Do not use any designated field blanks for QA audits.

Audits Required

Matrix Spike*

Lab Duplicate

Lab Blank (lml/1

Calibration verification
standard

Calibration blank

1 set of EPA Nutrient QC
reference samples-cone.
1 and 2,or EPA F/N03
QC sample. US series
Cone. 1 and 2

Frequency of Audits

1 per group of 10 or
fewer samples
1 per group of 10 or
fewer samples
Z per sample set

1 per group_____
of 10 or fewer samples and
at end of run ___
1 per group of 10
samples or less

1 per sample set_____

Limits* (% or Cone.)

85% - 115%

(10% - or 0.1 0 mg/1)

<0.1 mg/1——————

90% - 110%______

< 0.1 mg/1

85% - 115%

*Matrix spike concentrations will be 30% or larger, of sample concentrations,
but spiked samples should not exceed working concentration range of standard
curve.

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED;

Take corrective action and reanalyze samples. Contact Jan Pels (312) 555-2720

or Chucfc Elly (312) 353-9087.____________________________________

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.*
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U.S. Environmental Protection Agency
CLP Sample Management Office
P. 0. Box 818. Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SAS Number

SPECIAL ANALYTICAL SERVICES
Client Request

Regional Transmittal Telephone Request

Approved For Scheduling

A. EPA Region/Client: Region V_______________

B. RSCC Representative; J.a" Pe]s________________

C. Telephone Number: 312/ 353-2720_____________

D. Date of Request: __________________________

E. Site Name: Skinner Landfill - West Chester, Ohio

WW Engineering & Science

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability fo
your request, please address the following considerations, if applicable. Incomplete or
erroneous information may result in delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary information as needed.

1. General description of analytical service requested:

in waters ( surface water, ground water, and___leachate .

Analysis of ammonia

All samples wil1 be

unfiltered. Results will be reported as «g/l N.

2. Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

48 low surface water analyses, 39 low ground water analyses, and 3 medium hazard
Teachate analyses.

Whole aqueous samples assumed._________________________________________
Includes duplicates and spikes,

3. Purpose 'of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):
Superfund - Remedial Action
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4. Estimated date(s) of collection:

j. Estimated date(s) and method of shipment: Daily by overnight carrier _________

6. Number of days analysis and data required after laboratory receipt of samples:
Laboratory should report results within 30 davs. ________________________________

7. Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):

1) EPA Method 350.1 (Automated Phenate). or _________________________________

2) EPA Method 350.? (Potentlometric. Ion Selective Electrode). _ _ _ _ _ _ _ _ _ _ _

Samples will be stored at 4° C until analysis and validation of results. Sample _________

aliquots will be preserved 1n the field with sulfuric acid (1 ml/1 to pH < 2). __________

The working concentration range of Method 350.1 Auto Analyzer should be 0.1 to 10 mg/1

NH-3-N or lesser concentration. _________________________________________________

8. Special technical Instruction (1f outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

Check sample pH (wide range pH paper). If pH >2
contact Jay Thakkar. CPMS, CRL for instructions. Dilute and rerun samples with peak
heights or concentrations higher than the highest standard. The holding time is not to _____
exceed 28 days from sample collection. All solutions should be made with amonia-free water.
For Method 350.3 calibrate the electrometer with standards in order of increasing concen-
tration of ammonia. The pH of the solution after the addition of NAOH must be above 11.
Use only the method(s) specified above. Standard curve for Method 350.1 must include at
least 5 standards (one of which Is zero concentration). Standard curve for Method 350.3
must include at least 4 standards between 0.1 and 10.0 req/1 NH3-N. All standards, blanks,
dilution water, and diluted samples must be acidified with 1 ml/1 H2S04.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion:

The test procedure used will be clearly identified. Bench
records tabulating the order of calibration standards, lab blanks, samples, lab control
standards, spikes, duplicate, etc, with resulting peak heights, millivolts, or concentration
readouts, will be provided along with copies of worksheets used to calculate ammonia re-
suits. If Method 350.3 is used, the standard curve should be provided. A photocopy of the
instrument readout i.e. strip charts, printer tapes, etc. must be included. All records
analyses and calculation must be legible and sufficient to recalculate all concentrations.
Results are to be in mg/-N per liter.
EPA QC reference samples, or any other reference sample or initial calibration verification,
will be identified as to source, lot number, and sample number. Corresponding "true" or
target values and associated 95X confidence limits for analysis results will be provided
for al 1 reference samples used. "

10. Other (use additional sheets or attach supplementary information, as needed):

1. Name of sampling/shipping contact: _______ Bob Phillips ________________________

Phone: 616/ 942-9600 EXT 263



DATA REQUIREMENTS

Parameter:

Ammonia ______

NOTE: These are minimum
requirements. Report
actual detection

Detection Limit

0.1 mg/l-N

used based on specified
methodologies. _____

GENERAL STATEMENT
II. QC REQUIREMENTS - Do not use designated field blanks for QA Audits.

Precision Desired
(+i or Cone.)

Duplicate results must
agree to within 101
for concentrations
> lmg/1 or to within
0".lmg/l for concen-
trations <1 mg/1
Results will be re-
ported to the near-
est 0.05 mg/1 and to
2 significant figures
for concentrations
exceeding 1/mg/l-N.

a) For Method 350.1
Audits Required

Matrix Spike*

Lab Duplicate

Lab Blank________

Calibration verification

1 set of EPA OC Nutrient
reference samples. Cone.
TT1

Frequency of Audits

at least 1 per group of
10 or fewer samples

at least 1 per group of
10 or fewer samples

at least 1 per group of
10 or fewer samples

Limits* (I or Cone.)

85% - 115%_____

_+ 10% or 0.1 mg/1

<0.1 mg/1

1 per group of 10 samples 90% - 110%

b) For Method 350.3

Lab Duplicate____

Lab Blank________

Calibration verification
standard
1 set of EPA QC Nutr1ent
reference samples. Cone.
1 * 2

1 per sample set

at least 1 per group of
10 or fewer samples

at least 1 per group of
10 or fewer samples

1 per 10 samples and
end of set

1 per sample set

851 - 115X

IQt or 0.1 mg/1

£ 0.1 mg/1

901 - 1101

85% - 115X

*Matrix spike concentrations will be greater than 30% of sample concentrations, but spiked
samples should not exceed working concentration range of standard curve.

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples - Contact Jan Pels (312) 353-2720
or Chucic Elly (312) 353-9087. '

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.



5/003_-0-6/87 Alk/Ac-d/pH 6/29/37

U.S. Environmental Protection Agency _______________
CLP Sample Management Office I SAS Numoer ]
P. 0. Box 818, Alexandria, Virginia 22313 | j
PHONE: (703)/557-2490 or FTS/557-2490 |______________I

SPECIAL ANALYTICAL SERVICES Approved For Scheduling
Client Request

Regional Transmittal Telephone Request

WW Engineering 5 Science
A. EPA Region/Client: ______Region V_____________________________

B. RSCC Representative:______Jan Pels

C. Telephone Number: ______312/ 353-2720

D. Date of Request: _______________
E. Site Name: Skinner Landfill - West Chester, Ohio

Please provide below a description of your request for Special Analytical Services under
rre Contract Laboratory Program. In order to most efficiently obtain laboratory capability for
your request, please address the following considerations, if applicable. Incomplete or
erroneous Information may result 1n delay in the processing of your request. Please continue

oonse on additional sheets, or attach supplementary Information as needed.

1. General description of analytical service requested: Analysis for alkalinity, acidity

(if necessary), and pH 1n waters (surface waters, groundwaters. drinking waters, leach-

ates. etc.). Samples will be unfjltered. Determine alkalinity and pH first. Only those

samples with pH values less than or equal to 5.0 or alkalinity values less than or equal

to 20 rng/1 CaCOj will be tested for acidity. Use attached SAS for acidity (titration

after hydrogen peroxide addition and boiling), if any such determinations are required.

Report alkalinity and acidity as rng/1 CaCCh.________________________________

2. Definition and number of work units Involved (specify whether whole samples or
fractions; whether organics or Inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration): 39 low (potentially medium for VGA's)

ground water; 24 low drinking water samples, and 3 medium hazard

leachate samples. 43 low surface water samples. Whole aqueous samples assumed. Includes
duplicates and blanks.

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPOES, etc.): _,. , A .Superfund - Remedial Action
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4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: Daily by overnight carrier. _________.

6. Number of days analysis and data required after laboratory receipt of samples:

Laboratory should report results within 30 days of receipt of samples._______________

7. Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):
___________1) Alkalinity EPA Method 310.1 (T1tr1metr1c. ph 4.5) or Standard Methods.

16th Edition, Method 403 4c and 4d.
2) pH - EPA Method 150.1 (Electrometrfc) - Initial pH of alkalinity titration is an

acceptable procedure so long as sample has not been diluted.
3) Acidity - EPA Method 305.1 {Titrlmetrlc) - Use attached SAS. and Its specifications

for acidity.Determine acidity if sample pH £ 5.0 or alkalinity £ 20 mg/1 CaC03.
Samples will be stored at 4°C until analysis and Validation of result?._____________

8. Special technical Instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

Sample holding time should not exceed 14___
days from date of collection. Use potentiometric titration to pH 4.5 for alkalinity >
20 mq/1 CaCth. For concentrations < 20 ag/1. use EPA Method 310.1 (Section 6.3) or
Standard Methods, Method 403 4d,Do not use titrant volumes greater than 50 ml.Use
only the Methods specified above. ____________' ___________________
Use N32C03 to standardize titrant.Standardize the pH meter and the titrant each day.
Standardize the pH meter using at least two buffers which bracket the alkalinity end___
point.Record pH of each sample prior to titration.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

The test procedure used will be clearly identified. Bench
records tabulating the order of analysis Including pH meter calibration, titrant stan-
dardization, sample pH values, lab blanks, samples, lab control standards, duplicates,
etc.. with resulting titrant volumes or read-outs. will be provided along with calculation
worksheets.All records will be legible and sufficient to recalculate an sample concen-
trations and QA audit results. Report method of titrant standardization.______________
EPA OC reference samples, or any other reference sample, will be identified as to source,
lot number, and sample number. Corresponding "true" or target values and associated______
95% confidence limits for analysis results will be provided for all reference samples
used.

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact: Bob Phillips

Phone: 616/ 942-9600 EXT 263
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DATA REQUIREMENTS

Parameter: Detection Limit

Alkalinity ( as mg/1 CaCCh) 2 mg/1 for low level

20 mg/1 for high level

Precision Desired
(+_! or Cone.)

+ 2 mg/1 for concentrations
<" 20 mg/1 CaCCh

+ 101 for concentrations
> 20 mg/1 CaOh

pH not applicable

II. QC REQUIREMENTS Do not use any field blanks for QA audits.

Report to nearest
pH values.

Audits Required (Alkalinity) Frequency of Audits

lab blank

lab duplicate
lab control sample
1 set of EPA QC mineral
reference samples___

at least 1 per group
of 10 or fewer samples

at least 1 per group
of 10 or fewer samples

1 per sample set_____

Limits* (t or Cone.)

< 10 mg/1 for high-level
samples tested.
^ 2 mg/1 for low-level
Tamples tested.____

+ 10% or i 2 mg/1

90 - 110% recovery

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED;

Take corrective action and reanalyzesamples. Contact Jan Pels (312) 355-2720

or Chuck Elly (312) 353-9087________________________________________

Please return this request to the Sample Management Office as soon as possible to
expedite processing of your request for special analytical services. Should you
have any questions or need any assistance, please call the Sample Management Office.



5/017_-0-7/37 BOD in Water and Wastewatar 7/30/87

U.S. Environmental Protection Agency
CLP Sample Management Office
P. 0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SAS Numoer

Approved for Scheduling
SPECIAL ANALYTICAL SERVICES

Client Request __________________

x Regional Transmittal Telephone Request

A. EPA Region/Client: Region V_______________WW Engineering & Science

8. RSCC Representative; Jan Pels________________________________

C. Telephone Number: (312) 353-2720

D. Date of Request: _____________

E. Site Name: Skinner Landfill - West Chester. Ohio_____________________

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability for
your request, please address the following considerations, 1f applicable. Incomplete or
erroneous information may result 1n delay 1n the processing of your request. Please continue
response on additional sheets, or attach supplementary information as needed.

1. General description of analytical service requested: Analysis of______________

biological oxygen demand (BOO) in water and leachate. Samples will be unfiltered.

Results are reported as mg/1 oxygen.______________________________________

2. Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

_____59 low ground water (potentially medium hazard for VGA's) and______5 medium

hazard leachate samples.______________________________________________

Whole aqueous samples assumed. Includes duplicates and blanks.________________

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPOES, etc.):

Sunerfund - Remedial Action



5/017_-0-7/87 BOD in Water and Wastewa'.er 7/30/87

Estimated date(s) of collection:

-. Estimated date(s) and method of shipment: Daily by overnight carrier___________

6. Number of days analysis and data required after laboratory receipt of samples:
Laboratory should report results within 30 days.

7. Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):

BOD "Standard Methods for the Examination of Water and Wastewater" 15th or 16th

Edition. Method 507. All samples will be seeded unless otherwise stated.________

Special technical Instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.)**

Set-up 3 or more sample dilutions so that two
or more sample dilutions overlap to result 1n a residual P.O. > or - to 1 mg/1 and a P.O.
depletion ̂  2 mg/1.Measure the seed BOO using 2 or more dilutions (Section 5d).BOD
results for 2 dilutions should agree within + or - 151. Analyze unseeded dilution water
blanks , and glucose-glutamic acid checks (Section 5b of Method 507), both in duplicate,
in addition to sample dilutions. Determine the Initial and final P.O. for each bottle.
Store samples at 4&C until analysis.The holding time is not to exceed 48 hours from tne
time of the beginning of sample collection. Dilution water will be seeded so that calcu-
lated DO uptake from BOO of seed will be between 0.6 and 1.0 mg/1 (Section 5d of Method
507). Do not use seeded blanks to estimate seed corrections. All procedures defined in
the Method must be followed precisely.Check for interferences (Section 5e).

9. Analytical results required (1f known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

All measurements and calculations must be documented and submitted. Submit all raw____
data.Report initial and final 0.0. from each bottle.Report BOO in mg/1 for each
bottle and the average of each fitting the depletion range listed above using cal-
culations specified by "Standard Methods"(Section 6 of Method 507).Report results of
duplicates, unseeded dilution water blank. BOO of seed, calculated DO uptake of seed in
seeded dilution water, and glucose-glutamic acid check.
EPA QC reference samples, or any other reference sample or Initial calibration verifica-
tion, will be identified as to source, lot number, and sample number.Corresponding
"true" or target values and associated 95t confidence limits for analysis will be providec
for aH reference samples used.

10. Other (use additional sheets or attach supplementary information, as needed):

. Name of sampling/shipping contact:___Bob Phillips____________________________

Phone: 616/ 942-9600 EXT 263



5/017G-0-7/87

I. DATA REQUIREMENTS

3.
800 in Water and Wastewater 7/30/87

Parameter:

BOO

Detection Limit

2 mg/1

Precision Desired
l+» or Cone.)

Differences 1n dupl_icate
series of sample results
shall not exceed
2 mg/1 for concentrations
less than 20mg/1.

II. QC REQUIREMENTS Do not use any field blanks for QA audits.

Audits Required Frequency of Audits Limits* (% or Cone.)

Glucose-Glutamic acid
checks

Duplicate (full dilution
series)

1 pair per set of
samples

160-240 mg/1

at least 1 per group + or -(101 or 2 mg/1)
of 10 or fewer samples

Unseeded Dilution Water
Blanks

DO Uptake of seed 1n
seeded dilution water
(calculated)_____

1 set of EPA QC Demand
Reference Samples
(if specified)
Yes No

1 pair per set of sam- < or « to 0.2 mgVI
pies, Including 1 pair
for each lot of dilu-
tion water

calculated for each 0.6 to 1.0 mg/1
lot of seeded dilution
water

1 set of 2 per sample
set

75 - 125t Recovery

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples - Contact Jan Pels (312) 353-2720

or Chuck Elly (312) 353-9087.__________________ ' ______

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
o~ need any assistance, please call the Sample Management Office..



5/018_-0-6/87 COO (Hi- and Lo-levels) 6/26/87

U.S. Environmental Protection Agency
CL? Sample Management Office
P. 0. Box 818, Alexandria, Virginia 22313

,: (703)/557-2490 or FTS/557-2490

SAS Numoer

SPECIAL ANALYTICAL SERVICES
Client Request Approved for Scheduling

Regional Transmittal Telephone Request

WW Engineering 6 Science
A. EPA Region/Client: Region V______________________________

B. RSCC Representative: I™ Pels

C. Telephone Number: 312/-353-2720

D. Date of Request:
E. Site Name: Skinner Landfill - West Chester, Ohio_______________________

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability for
your request, please address the following considerations, if applicable. Incomplete or
erroneous Information may result 1n delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary Information as needed.

General description of analytical service requested:
Analysis of chemical oxygen demand

(COO) (Hi-level) (50 - 800 mg/1) and COO (Lo-level) (5 - 50 ng/1) In water U
groundwater, l e a c h a t e . _ _ _ _ _ _ _ _ _ _ _ _ _ . Samples will be unfiltered. Any
sample with COO values less than 50 ng/1 will be determined and reported as COO (Lo-level).
Samples with COD values greater than or equal to 50 mg/1 will be determined and reported
as COO (Hi-level).The COO (Lo-level) method 1s used for optimum precision and accuracy
of measurement of low concentration COD values._________ __________
If field specific conductance values are greater than or equal to 5000 usr.us/cm, field per-
sonnel will Indicate this on the SAS Packing Lists or any future RAS/SAS Traffic Report
Forms, the field conductance values and the Instruction 'Check for Possible Chloride
Interference in COO Test* for any such samples. If this 1s the case or if there is other
definite knowledge of chlorides exceeding 2000 mg/1. the laboratory will determine the______
chloride content and Inhibit chloride Interference pursuant to Section 7.1 of EPA Method
410.3. __________________ _____^________
N O T E : I t is expected that few waters from Region V (<31), will have chloride concentrations
in excess of 2000 mg/1. however, 1t 1s the responsibility of field personnel to first iden-
tify any samples having a chloride interference for COO so that the COO test can be modi-
fied to compensate for any chloride Interference.____________________________________________
Results are reported as mg/1 COO.

2. Definition' and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration): 39 low (potentially medium for VGA's)
ground water and_____3 medium hazard leachate samples. Whole aqueous samples assumed.
Includes duplicates and blanks.

3 urpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
HPDES, etc.):
__________Superfund - Remedial Action



5/018_-0-6/87 COO (Hi- and Lo-1evels)
- 2 - 6-25-87

4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: Daily by overnight carrier_______________

6. Number of days analysis and data required after laboratory receipt of samples:
Laboratory should report results within 30 days.

7. Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):

EPA Method 410.1 (T1tr1metric, Mid-level) for COO > 50 mg/1.
EPA Method 410.2 (Titr1metr1c. Low-level) for COO T 50 mg/1.

Use Section 7.1 of Method 410.3 if chloride concentration exceeds 2000 mg/1 in a sample.
If titration blank is necessary for each different amount of mercuricsulfate used for
Inhibition of chloride interference. SAS Packing Lists will note the samples requiring
assessment of chloride interferences.Measurement of chloride Mill be done using any
method of "Standard Methods",16th ed.t or "EPA Methods for Chemical Analysis of Water and
Wastes", 1983 ed., whenever possible chloride interference is noted.
Samples will be preserved with 1 al of H?SOa to pH less than 2 and kept at 4°C until______
sample analysis and validation of results are completed.Holding time is not to exceed 28
days from date of sample collection.____________________________________

8. Special technical Instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

1. Check sample pH (wide range pH paper). If pH>2, contact CPMS, CRL for further
____Instructions* ________________ ______________
T.Use a) 50 ml sample aliquots for both methods, b) 0.250 N KgCrjO; reagent and 0.25 N

____ferrous ammonium sulfate tltrant for Method 410.1. and c) O'OZSo N K?Cr?Q7 reagent
and 0.025 N ferrous ammonium sulfate tltrant for Method 4 1 0 . 2 . •

3. Dilute and reanalyze (by Method 410.1) any samples with COO values > 800 mg/1 or ti-
trant volumes < 5.0 ml. Reanalyze samples (by Method 410.1) if initial sample values

____are > 50 mg/1 COD by Method 410.2. Reanalyze samples (by Method 410.2) if initial
sample values are < 50 mg/1 COO by Method 410.1.

4. Any sample aliquots < 50 ails will be diluted to 50 mis so that the COD reaction mix-
ture will be 501 H?S04/ 501 water by volume.

5. Titration blanks wTll be determined, at least in duplicate each day of analysis and
will not differ more than + 0.1 ml titrant for Method 410.1 and + 1.0 ml titrant for
Method 410.2. ____ ~ ____________________~"______________

STSeparate sets of OA Audits will be performed for each method, if both methods are
____used.______________________________________ ________
T.Use potassium hydrogen phthalate as a matrix spike compound.Use 20 mg/1 matrix spike

____concentration for Method 410.2. ___________________________________________
8~ISamples w i l l be re fluxed for at least 2 hours. ~
9. Homogenize sample aliquots, as necessary, to obtain sample aliquots of representative

suspended solids.
in. Use only the method specified.



5/018 -0-6/87 (2) COD ( Hi- and Lo-levels)
— 6/26/87

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

Bench records, tabulating titrant standardization, titration
volumes for titration or sample blanks (2 or more In number), samples, and QA Audits will
be provided for each method used.All records of analysis and calculations must be
legible and sufficient to recalculate all sample concentrations and QA Audit results.
Records of chloride analysis will be provided for any samples so specified on the RAS/SAS
Traffic Report or SAS Packing List. Separate bench records will be provided for any COD
determinations of high chloride samples (>2000 mg/1 Cl) including weight of mercuric
sulfate used, sample titration volume and titration blank volume for each sample type.
EPA QC Reference samples, or any other reference samples, will be identified as to source,
lot number, and sample number. Corresponding "true" or target values and associated____
95* confidence limits for analysis results will be provided for all reference samples
used.

10. Other (use additional sheets or attach supplementary Informatfon, as needed}:

11. Name of sampling/shipping contact; Bob Phillips

Phone: 616/ 942-9600 EXT 263



5/018G-0-6/37

I. DATA REQUIREMENTS

Parameter:

COD (Method 410.1)

COD (Method 410.2)

NOTE; These are minimum
requirements. Report
actual detection limits
used based on specified
methodologies.____

II. OC REQUIREMENTS

Detection Limit

50 mg/1

5 mg/1

COO (Hi- and lo-levels) 6-26-87

Precision Desired
(+• or Cone.)

Method 410.1: Differences in
sample duplicates are to be
< or "to 0.2 ml tit.-ant or
_<_ 8 mg/1 for concentrations
7 80 mg/1 and < 10* for COO
concentrations exceeding
80 mg/1.________

Differences inMethod 410.2:
sample duplicate results are tc
be ̂  1.0 ml titrant or _< 4 mg/1
for"concentrations 1ess~than
40 mg/1 and are to be £ 5 mg/1
for concentrations between 40
50 mg/1.

Audits Required

Matrix spike (KHP)
Method 410.1*
Method 410.2(Use 20 mg/1 spike)

Lab duplicate_____

Frequency of Audits

at least 1 per group of
10 or fewer samples

Titration blank (used for
calculation of results)

1 set of EPA QC Demand
Reference samples -
2 concentration levels

at least 2 per sample

Limits* (X or Cone.)

85 - 115% Recovery (410.1)
75 - 125X Recovery (410.2)

Diff < ( 8 ng/1 or 101)
~ (410.1)

Diff < ( 4 ng/1 - 5 mg/1)
"_____(410.2)

Diff 1n titrant volumes shall
set for each method used not exceed 0.1 ml for 410.1

1 per sample set for
each method used

and 1.0 ml for 410.2

90 - 110% Recovery or <_ 8 mg/1
error for 410.1 and < 5 mg/1
error for 410.2 in aTiquot
tested

* - Matrix spike will be greater than 301 of the sample concentration, but spiked sample
shall not exceed 800 mg/1 for Method 410.1.

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED;

Take corrective action and reanalyze samples. Contact . jan Pels (312) 353-2720

or Chuck Elly (312) 353-9087._______________ ___ ______

Contact Region V RSCC Jan Pels (312) 353-2720 concerning questions on

chloride interferences and modifications of COO test.

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.



5/015__-0-7/87

U.S. Environmental Protection Agency
CL3 Sample Management Office
P •*. Box 818, Alexandria, Virginia 22313
[• .E: (703)7557-2490 or FTS/557-2490

Total Kjedahl Nitrogen in Water
July 30, 1987

SAS NumOer

SPECIAL ANALYTICAL SERVICES
Client Request

Regional Transmittal |"
I.

Telephone Request

Scheduled for Approval

A. EPA Region/Client:

B. RSCC Representative:,

C. Telephone Number:

D. Date of Request:

E. Site Name:

Region V WW Engineering 5 Science

Jan Pels

(312) 353-2720

Skinner Landfill - West Chester, Ohio

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability for
yr - request, please address the following considerations, if applicable. Incomplete or
e teous information may result in delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary information as needed.

1. General description of analytical service requested:

nitrogen in waters (-____._____. groundwaters.

Analysis for total Kjeldahl

.____., leachates, etc.)..

All samples will be unfiltered. Results will be reported as mg/1 N.

2. Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

39 low (potentially medium for VGA's) ground water, 3 and medium hazard

leachate samples.

Whole aqueous samples assumed. Includes duplicates and blanks.

Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPOES, etc.):

Superfund - Remedial Action
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4. Estimated date(s) of collection:___________________________________
5. Estimated date(s) and method of shipment: Dail-v b* overnight carrier.___________

6. Number of days analysis and data required after laboratory receipt of samples:

Laboratories shall report results within 30 days after receipt of samples-___________

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):

1) EPA Method 351.2 (Colorimetric, Block Digestor, AA II)
2) EPA Method 351.3 (Colon'metric, Titrimetric, or Potentiometric ) (NOTE: For Metnod
351.3 the micro-Kjeldahl technique is not acceptable.) Samples will be preserved in the
field using H2SQ4 (Iml/L) to pH<2, samples will be stored at 4°C until analysis and
validation of results.

8. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

For all Methods: Analyze samples within 28
days after collection. Check the sample pH (wide range pH paper).If the pH>2, contact
CPMS. CRL for instructions. Use m'cotinic acid for the control standard. Use an organic
nitrogen compound for the matrix spike.Use only the Methods specified in item 7.Metnod
351.3 requires distillation separation, prior to all final ammonia measurements.
For Method 351.3: Use only the Colorimetric method for samples containing less than____1 mg N/1.————————————————————————————'•
For Colorimetric Methods (351.2 and 351.3); Use at least five calibration standards____
(including a zero concentration standard).Dilute and reanalyze samples with concentra-
tions that exceed the highest calibration standard, ________________________•
For the Potentiometric Method (351.3):Use at least four calibration standards.Oi1u
and reanalyze samples with concentrations that exceed the highest calibration standard.
For the Titrimetric Method (351.3):Standardize the titrant each day.Include records
of indicator blank.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

Identify the test procedure and options used. Provide bench
records and all records of calibration, analyses, and calculations for standards, samples,
blanks, any titration indicator blanks, duplicates, spikes, controls, etc.Include ab-
sorbances. peak heights, responses, concentrations, etc, for each measurement. Include
digestion logs showing sample volumes and dilutions for all samples.Identify organic
nitrogen compound used for matrix spikes. Records must be legible and sufficient to____
recalculate all concentrations and QA audit results.Provide photocopies of all instru-
ment readouts (i.e. stripcharts. print-puts, etc). Report results as mg N/l. Identify
the compound used for the matrix spike.
EPA QC reference samples, or any other reference sample or initial calibration verifica-
tion, will be identified as to source, lot number, and sample number. Corresponding "tru"
or target values and associated 95i confidence limits for analysis results will be provi-
ded for all reference samples used.

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact: Bob Phillips

Phone: 616/ 942-9600 EXT 263



5/015G-0-7/87
3.

Total Kjeldahl Nitrogen July 30, 1987

DATA REQUIREMENTS

Parameter:

TKN
NOTE: These are
minimum requirements^
Report the actual
detection limit used
based on alTowable
methodology options.

Detection Limit

0.1 mg N/1

Precision Desired
(+S or Cone.)

Duplicate sample results
must agree within 0.1 mg/1
for concentrations <1 mg/1
and within 10% for concen-
trations > or » to 1 mg/1

II. QC REQUIREMENTS Do not use designated field blanks for OA audits.

Audits Required Frequency of Audits Limits* (% or Cone.)

Control standards (Nicotinlc————————————— Ac1dj
Matrix spike*

Lab duplicate______

Lab blank
Calibration verification
Standard________

1 set of EPA QC nutrient
reference samples
cone. 3 and 4.

one per set
one per group of 10 or
fewer samples

^ ' a n d a t
the end of the set

one per set_______

70 - 110% recovery

85 - 115t recovery

+ (IQt or 0.1 mg N/1)

+ 0.1 mq N/1______

90 - 110X__________

85 - 1151

*Matrix spike concentration will be greater than 30% of the sample concentration
but will not exceed the highest calibration standard. Matrix spikes will be
prepared from an organic nitrogen compound.

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples.____________

Contact Chuck Elly (312) 353-9087 or Jan Pels (312) 353-2720

Please return this request to the Sample Management Office as soon as possible to expedite
r =ssing of your request for special analytical services. Should you have any questions
o. ,ieed any assistance, please call the Sample Management Office.



5/020_-0-6/87 Total Organic Carbon in Water 6/30/87

U.S. Environmental Protection Agency
CLP Sample Management Office
P. 0. Box 813. Alexandria, Virginia 22313
PHONE: (703J/557-2490 or FTS/S57-2490

SAS Number

SPECIAL ANALYTICAL SERVICES
Client Request Approved For Scheduling

Regional Transmittal Telephone Request

A. EPA Region/Client: Region V______________________________WW Engineering § Science

B. RSCC Representative: Jan Pels___________________________________

C. Telephone Number: (312) 353-2720

D. Date of Request: _____________

E. Site Name: Skinner Landfill - West Chester. Ohio_______________________________

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability for
your request, please address the following considerations, 1f applicable. Incomplete or
erroneous Information may result 1n delay 1n the processing of your request. Please contir
response on additional sheets, or attach supplementary Information as needed.

1. General description of analytical service requested: Analysis for total organic_____

carbon 1n water (surface waters, groundwaters.___. _______... leachate. etc.). Most

samples will be unflltered, although certain aliquots can be filtered and preserved at

the time of collection. Results are reported as mg/1 C.___________________________________

2. Definition and number of worlt units Involved (specify whether whole samples or
fractions; whether organics or Inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

39 low (potentially medium for VGA's) ground water, 3 medium hazard leachate,

and_____48 low surface water samples._______________________________________

Whole aqueous samples assumed. Includes duplicates and blanks. ________
*

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPOES, etc.):

Superfund - Remedial Action
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4. Estimated date(s) of collection:

Estimated date(s) and method of shipment: Daily by overnight carrier._____________

6. Number of days analysis and data required after laboratory receipt of samples:

Laboratory should report results within 30 days of receipt of samples._____________

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):

ERA Method 415.1 (combustion or oxidation)._________________________________

Samples will be preserved with 1 ml/I H?SOa to pH <2. Samples will be stored at 4°c

until analysis and validation of results.____________________________

Special technical Instruction (if outside protocol requirements) dilute and rerun samples
with absorbances higher than the highest standard:

Check sample pH with (wide range pH_____
paper). If pH >2 contact CPMS, CRL for Instructions'1 The holding time is not to exceed 28
days from sample collection. Homogenize samples if necessary. Qualify results where______
suspended solids content may affect accuracy.Instruments with syringe injection will
utilize 2 Injections per measurement. If the 2 Injections differ by more than IPX or_______
2 mg/1, repeat and report the average of 4 Injections. Inorganic carbon will be purged
from solution or, 1f determined separately, subtracted from total carbon values. Obtain
approval of CPMS, CRL, prior to use of any other method.The calibration curve must include
at least 5 standards. (One of the standards must be zero concentration).________________

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion:

Test procedures and specific Instrument used will be clearly
identified. Bench records tabulating order of calibration standards, lab blanks, samples
lab control standards, spikes, duplicates etc.. with resulting output on concentration______
readout will be provided along with worksheets used to calculate results.Specify the
organic compound used to prepare standards and spikes. A photocopy of the instrument read-
out, i.e. stripcharts, printer, tapes, etc. must be included.Results are to be reported
in mg/1 C. Records of analysis and calculations must be legible and sufficient to re-____
calculate all concentrations.
EPA QC reference samples, or any other reference sample or Initial calibration verification,
will be identified as to source, lot number, and sample number.Corresponding "true" or
target values and associated 95t confidence limits for analysis results will be provided
for all reference samples used. '.——————

10. Other (use additional sheets or attach supplementary information, as needed):
•

Name of sampling/shipping contact: Bob Phillips____________________________________

Phone: 616/ 942-9600 EXT 263



5/020G-0-6/87

I. DATA REQUIREMENTS

Parameter:

TOC___________

NOTE: These are minimum
requirements. Report
actual detection limits
used based on specified
methodologies.____

Analysis of Total Organic Carbon 6/30/87
3.

Detection Limit

2 mg/1

Precision Desired
(±1 or Cone.)

Difference in duplicate
results should not
exceed _+ 101 for
concentrations >20
mg/1 or 2 mg/1 for
concentrations less
than 20 ng/1 .

II. QC REQUIREMENTS - Do not use designated field blanks for QA audits.

Audits Required____ Frequency of Audits Limits* (I or Cone.)

Matrix Spike*

Lab Duplicate

Lab Blank

at least 1 per group of
10 or fewer samples

at least 1 per group of
10 or fewer samples

at least 1 per group of
10 or fewer samples

851 - 1151

+ (10% or 2.0 mg/1)

£2.0 mg/1

Calibration verification
standard

1 set of EPA demand QC
reference samples (cone.
1 and 2) ____

1 per group of 10 samples 901 - 110*
and end of set

1 per sample set 85* - 115*

*The matrix spike concentrations will be approximately 301 of sample concentra-
tions, but spiked samples shall not exceed the working range of the standard
curve.

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED;

Take corrective action and reanalyze samples - Contact Jan Pels (312) 553-2"20

or Chuck Elly (312) 353-9087.___________________________________

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.



5/o03__-0-6/87 Alk/Acid/pH 6/29/87

U.S. Environmental Protection Agency . _____________
CLP Sample Management Office I S A S N u m b e r |
p. 0. Box 818, Alexandria, Virginia 22313 | j
PHONE: (703J/557-2490 or FTS/557-2490 I______________I

SPECIAL ANALYTICAL SERVICES Approved For Scheduling
CHent Request

Regional Transmittal Telephone Request

™A. EPA Region/Client: _____ Region V ____________ w Engineering s Science

. RSCC Representative: _____ Jan Pels __________________________
C. Telephone Number: _____ 312/353-2720 _

•D. Date of Request:
E. Site Name: Skinner Landfill - West Chester. Ohio_________________________

Please provide below a description of your request for Special Analytical Services under
Contract Laboratory Program. In order to most efficiently obtain laboratory capability for
r request, please address the following considerations, 1f applicable. Incomplete or

»-roneous Information may result 1n delay In the processing of your request. Please continue
* ponse on additional sheets, or attach supplementary Information as needed.

1. General description of analytical service requested: Analysis for alkalinity, acidity

• (if necessary), and pH in waters (._______________groundwaters,___surface waters____

____. ). Samples will be unfiltered. Determine alkalinity and pH first. Only those

™ samples with pH values less than or equal to 5.0 or alkalinity values less than or equal

to 20 mg/1 CaCCh will be tested for acidity. Use attached SAS for acidity (titration

after hydrogen peroxide addition and boiling), if any such determinations are required.

Report alkalinity and acidity as mg/1 CaCCh._________________________________

2. Definition and number of work units Involved (specify whether whole samples or
fractions; whether organics or Inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration): 39 low (potentially medium for
VGA's) ground water,_____48 low surface water.______3 medium hazard leachate, and______

24 low drinking water samples. Whole aqueous samples assumed, includes duplicates
and blanks.

•
'. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,

NPOES, etc.):
_________,____________Superfund - Remedial Action ___
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4. Estimated date(s) of collection:___________________________

5. Estimated date(s) and method of shipment; Daily by overnight carrier._____________

6. Number of days analysis and data required after laboratory receipt of samples:

Laboratory should report results within 30 days of receipt of samples._________________

7. Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):

1) Alkalinity EPA Method 310.1 (T1tr1metric. ph 4.5) or Standard Methods.
16th Edition, Method 403 4c and 40.
2) pH - EPA Method 150.1 (Electrometrtc) - Initial pH of alkalinity titration is an

acceptable procedure so long as sample has not been diluted.
3) Acidity- EPA Method 305.1 (Titrlmetric) - Use attached SAS. and its specifications,

for acidity.Determine acidity if sample pH _: 5.0 or alkalinity _< 20 mg/1 CaC03.
Samples will be stored at 4°C until analysis and Validation of results"._________________

8. Special technical Instruction (1f outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

Sample holding time should not exceed 14______
days from date of collection. Use potentiometric titration to pH 4.5 for alkalinity >
20 mg/1 CaCOs. For concentrations < 20 ~g/l, use EPA Method 310.1 (Section 6.3) or
Standard Methods, Method 403 4d.Do not use titrant volumes greater than 50 ml. Use
only the Methods specified above. _________________' ____________
Use Na2C03 to standardize titrant.Standardize the pH meter and the titrant each day.
Standardize the pH meter using at least two buffers which bracket the alkalinity end____
point.Record pH of each sample prior to titration.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentdtiori, etc.). If not completed, format of results will be
left to program discretion.

The test procedure used will be clearly Identified. Bench
records tabulating the order of analysis Including pH meter calibration, titrant stan-
dardization, sample pH values, lab blanks, samples, lab control standards, duplicates,
etc., with resulting titrant volumes or read-puts, will be provided along with calculation
worksheets.All records will be legible and sufficient to recalculate ail sample concen-
trations and QA audit results. Report method of titrant standardization._________
EPA OC reference samples, or any other reference sample, will be identified as to source,
lot number, and sample number. Corresponding "true* or target values and associated____
95i confidence limits for analysis results will be provided for all reference samples
used.

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact: Bob Phillips

Phone: 616/ 942-9600 EXT 263
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AlK/Acid/pH 6/29/87

DATA REQUIREMENTS

Parameter: Detection Limit

Alkalinity ( as mg/1 CaC03) 2 mg/1 for low level

20 mg/1 for high level

Precision Desired
(+% or Cone.)

+ 2 mg/1 for concentrations
~ 20 mg/1 CaCO-3

± 10% for concentrations
> 20 mg/1 CaCO-3

pH not applicable Report to nearest
0.1 pH values.

II. QC REQUIREMENTS Do not use any field blanks for QA audits.

Audits Required (Alkalinity) Frequency of Audits

lab blank

lab duplicate

lab control sample
1 set of EPA QC mineral
reference samples

at least 1 per group
of 10 or fewer samples

at least 1 per group
of 10 or fewer samples

1 per sample set____

Limits* (% or Cone.)

< 10 mg/1 for high-level
samples tested.
£ 2 mg/1 for low-level
Tamples tested.____

^ 10% or ^ 2 mg/1

90 - 110% recovery

:il. ACTION REQUIRED IF LIMITS ARE EXCEEDED;

Take corrective action and reanalyzesamples. Contact Jan Pels (312) 353-2720

or Chuck Elly (312) 353-9087____________________________________

Please return this request to the Sample Management Office as soon as possible to
expedite processing of your request for special analytical services. Should you
have any questions or need any assistance, please call the Sample Management Office.
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U.S. Environmental Protection Agency
CLP Sample Management Office
P. 0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

Total Phosphorus in ̂ 0 6/29/87

SAS Numoer

SPECIAL ANALYTICAL SERVICES
Client Request

IJL
Regional Transmittal Telephone Request

Approved For Scheduling

A. EPA Region/Client: ____Region V__________________

B. RSCC Representative:_____Jan Pels_________________

C. Telephone Number: _____(312) 355-2720___________

0. Date of Request: __________________________________
E. Site Name: Skinner Landfill - West Chester, Ohio

WW Engineering 6 Science

7iease provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability for
your request, please address the following considerations, if applicable. Incomplete or
erroneous information may result in delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary Information as needed.

1. General description of analytical service requested:

in waters (surface waters, ground waters._______

Analysis for total phosphorous

.. leachate, etc.). Most samples

will be unfiltered although certain aliquots can be filtered and preserved at time of

collection. Results will be reported as inq/1 P. Ground water samples will be filtered.

2. Definition and number of work units Involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

59 low (potentially medium for VGA's) ground water; 48 low surface

water; and 3 medium hazardous leachate water samples. Whole aqueous samples assumed.

Includes duplicates and blanks.

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPOES, etc.):
Superfund - Remedial Action
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4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: Daily by overnight carrier._________________

Number of days analysis and data required after laboratory receipt of samples:

Laboratory should report results within 30 days after receipt of samples.____________

7. Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):

Total Phosphorus EPA Method 365.1 (Automated. Colori'metric^ Ascorbic Acid)___________

Total Phosphorus EPA Method 365.2 (Automated. Colorlmetric. Single Reagent)___________
Total Phosphorus EPA Method 365.4 (Block Dlgestor)__________________________

Samples will be preserved 1n the field with 1 ml/1 H?SOa to pH <2 and stored at 4°C

until analysis and validation of results.____________________________________

8. Special technical instruction (1f outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.) Check sample pH using wide-range pH paper. If
the pH>2, contact CPMS, CRL for Instructions:

Dilute and redigest samples with absorbances
or peak heights higher than the highest standard!All standards, blanks, audits, etc.
must be digested. The holding time 1s not to exceed 28 days from sample collection.
Use only the method(s) specified above.The calibration curve must include at least 5
standards. (One of the standards must be zero concentration).___.______________

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion:

The test procedure used will be clearly Identified. Bench
records and all records of analysis and calculations for samples, blanks, duplicates,
spikes and all control checks with peak height or response and concentrations will be
provided with copies of worksheets. Results will be reported as mg/1 P.Any digestion log
will be provided showing sample aliquots and concentrations of all samples tested. Records
must be legible and sufficient to recalculate all concentrations.A photocopy of the
instrument readout I.e. stripcharts. printer tapes, etc, must be Included.____
EPA QC reference samples, or any other reference sample or Initial calibration verification,
will be identified as to source, lot number, and sample number. Corresponding "true" or
target values and associated 951 confidence limits for analysis results will be provided
for all reference samples used.

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact; Bob Phillips

Phone: 616/ 942-9600 EXT 263
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Total Phosphorus 6/29/87

I. DATA REQUIREMENTS

Parameter:

Total P

NOTE; These are minimum
requirements. Report
actual detection
used based on specified
methodologies. _____

Detection Limit

0.05 mg/1

Precision Desired
(+X or Cone.)

Duplicate results must
agree to within 10*
for concentrations
> 0.5 mg/1 or within
0~.Q5 mg/1 for con-
centrations < 0.5 mg/1

II. QC REQUIREMENTS - Do not use designated field blanks for QA audits

Audits Required

Matrix Spike*

Lab Duplicate

Lab Blank (Also serves as
a calibration blank.).

Frequency of Audits Limits* (% or Cone.)

at least 1 per group of
10 or fewer samples 85X - list

at least 1 per group of
10 or fewer samples +_ (10% or 0.05 mg/1)

at least 1 per group of
10 or fewer samples <0.OS mg/1

Calibration verification
standard

1 set of EPA nutrient QC
reference samples cone. 344

1 per group of 10 samples 90* - 110*
and end of sample set

1 per sample set 851 - 115%

*The matrix spike concentrations will be approximately 301 or larger of sample
concentrations, but spiked samples shall not exceed the working range of the
standard curve.

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED;

Take corrective action and reanalyze samples._________

Contact Jan Pels (312) 553-2720 or Chuck Elly (312) 353-9087.__________

Please return this request to the Sample Management Office as sooa as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.
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U.S. Environmental Protection Agency
HWI Sample Management Office
P.O. Box 818, Alexandria, Virginia 22313
Phone: (703) 557-2490 or FTS-557-2490

Total Dissolved Sol ids 6/29/87

SAS Numoer

Special Analytical Services
Regional Request

Regional Transmittal

Region VA. EPA Region and Site Name: ____ _
B. Regional Representative: _____Jan Pels
C. Telephone Number: (312) 353-272D
0. Data request: ________________
E. Site Name:

Telephone Request

WW Engineering S Science

Skinner Landfill - West Chester, Ohio

Please provide below a description of your request for Special Analytical Services under
the Uncontrolled Hazardous Waste Dumpsite Program. In order to most efficiently obtain
laboratory capability for your request, please address the following considerations, if
applicable. Incomplete or erroneous Information may result in delay in the processing of
your request. Please continue response on additional sheets, or attach supplementary
Information as needed.

1. General description of analytical service requested: Analysis of total dissolved

sol Ids (180°C) 1n water (surface Waters. . .. ..______________„____.

etc.) Results are reported as mg/1 dissolved solids.________

2. Definition and number of work units Involved (specify whether whole samples or
fractions; whether organics or Inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

_______48 low surface water analyses.______________________________

Whole aqueous samples assumed._______________________________________

Includes duplicates and blanks._____

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):

Suoerfund - Remedial Action

4. Estimated date(s) of collection: ________________*_________

5. Estimated date(s) and method of shipment: Daily by overnight carrier.
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6. Approximate number of days results required after lab receipt of samples: ________
Laboratory should report results within 30 days.

7. Analytical protocol required {attach copy if other than a protocol currently used in
this program):

1. EPA Method 160.1. 1983 ed.. or____________________________________

2. Method 209B. 'Standard Methods". 16th ed. Samples will be kept at 4°C until_____

___sample analysis and validation of results. Holding time 1s 7 days from date of___

______sample collection. ______________________________________________

8. Specail technical instrucfionns (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

1) Use standard allquots of 100ml;
however do not use sample allquots yielding more than 200 ng residue.If residue is
greater than 200 ing, repeat the analysis using a smaller sample aliquot. 2) If the
pH value is less than 4.0, raise the pH of the aliquot (using NaOH titrant) to between
pH 4 and 8 and subtract the weight of sodium added from the weigth of the residue.___
3) Residue will be weighed either to constant weight pursuant to Section 7.6 of Method
160.1 the final weight Is to be used for calculations. Constant weight is defined as
a) less than 0.5 mg or less than 4% weight loss from the previous weight, whichever is
smaller, or b) dried overnight (12 hours drying time) with a single weight used for
calculations. ——————————

9. Analytical results required (1f known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

Identify the QC reference sample lot numbers used and their true values with 95S con-
fidence intervals.Bench records of tare weights, final weights, additional weights
to determine constant weights, volumes filtered, blanks, duplicate samples, and refer-
ence samples will be provided with copies of work sheets used to calculate results .
Dates and time of 1) determination of tare weights, 2) sample filtration, and 3) deter-
mination of residue weights and constant residue weights will be part of bench records.
All records of analysis must be legible and sufficient to recalculate all sample_________
concentrations and QA results. ———————

10. Other (use additional sheets or attach supplementary Information, as needed):

11. Name of sampling/shipping contact: Bob Phillips

Phone: 616/ 942-9600 EXT 263

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questic
or need any assistance, please call the Sample Management Office.
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'. DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
(+% or Cone.)

TDS_____________ 20 mg/1_________ Difference in duplicate
sample aliquots shal 1

Note: These are mini- ________________ not exceed 2 mg for
m u m r e q u i r e m e n t s . r e s i d u e s . D u p l i c a t e
Report the actual___ m_______________ differences shall not
detection limits used exceed 10% for sample
based on allowable _______________ values greater than
methodology o p t i o n s . 2 0 0 mg/f.

II. QUALITY CONTROL REQUIREMENTS Do not use any designated field blanks for QA Audits.

Audits Required Frequency of Audits Limits* (+1 or Cone.)

1. 1 set of EPA QC 1 per sample set___ 85-115% Recovery
Mineral Reference
Samples*- 2 concen- ________________ _______________
tration levels.

At least 1 per group of ± (10% or 2 mg of residue)
2. Lab Duplicate_______ 10 or fewer samples___ ~______________

At least 1 per group of - 20 mg/1 to + 20 mg/1
3. Lab Blanks (100 ml 10 or fewer samples _____________•

of filtered reagent
water)_________ ________ ___ _____ ____

* Alternate reference samples must be approved by Region V RSCC prior to analysis.

III. *Action Required 1f Limits are Exceeded;

Take corrective action and retest samples. Contant Charles T. Elly (312/353-9087) or
Jan Pels (312/ 353-2720)
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U.S. Environmental Protection Agency ___________________
HWI Sample Management Office
P.O. Box 818, Alexandria, Virginia 22313
Phone: (703) 557-2490 or FTS-557-2490

SAS Number

Approved for Scheduling
Special Analytical Services

Regional Request

IJL
Regional Transmittal "| Telephone Request

.1
A. EPA Region and Site Name: Region V____ ______WW Engineering S Science
B. Regional Representative: . Jan Pelŝ  ________________________
C. Telephone Number: (• ) 3'12/ 3S3-2720_____________________________________
0. Data request:
E. Site Name: Skinner Landfill - West Chester. Ohio

Please provide below a description of your request for Special Analytical Services under
the Uncontrolled Hazardous Waste Dumpsite Program. In order to most efficiently obtain
laboratory capability for your request, please address the following considerations, if
applicable. Incomplete or erroneous Information may result 1n delay In the processing of
your request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested: Analysis for total suspended

solids (103-10S°C) 1n water (surface waters. ______. ______.____,

etc.) Results are reported as mg/1 total suspended solids.______________________

2. Definition and number of work units Involved (specify whether whole samples or
fractions; whether organlcs or Inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

_______48 low surface water analyses.__________________________________

Whole aqueous samples assumed.

Includes duplicates and blanks._____________________________________

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):
Superfund Remedial Action

4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: Daily by overnight carrier.
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6. Approximate number of days results required after lab receipt of samples:
Laboratory should reort rpgnlt"; within fl Ha; ___ ________ _____ ________ ____ _

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):

1. EPA Method 160,2. 1983 ed.. (Gravimetric. Dried at 103a - 105" C) using glass fiber
filter discs without organic binder such as: Mi Hi pore AP-40, Reeve Angel 934-Al-T,
Gelman A/E. or equivalent. Use only membrane filter apparatus with 47 mm diameter
glass fiber filter and a coarse (40-60 micron) fritted disc filter support. The filter
and support specifications are mandatory. Samples will be held at 4°C until sample
analysis and validation of results are completed. Holding time Is 7 days from date
of sample collection. ________________________________________

8. Specail technical Instructions (1f outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

1. Sample aliquot volumes are selected
on the basis of the following factors, a) During Initial sample filtratrion, filtration
rate should not drop rapidly, or require more than 5 minutes of filtratrion time. (In-
crease the filter area or decrease the sample volume as needed for sample reanalysis),
b) The sample aliquot filtered should provide a residue with greater than 1.0 mg for
aliquots less than 200ml in volume, and c) Sample allquots should not exceed 200ml in
volume. 2. Duplicate sample aliquots will be filtered with 2 or more Intervening _______
samples. TI Final residues are to be weighed either to constant weight pursuant to
Section 7.6 of Method 160.1 (The flna] weight Is to be used for calculations), or dried
overnight (12 hours of drying time) with the single weight used for calculations. Constant
weight is defined as less than 0.5 nig or less than 4t weight loss from the previous ______
weight, whichever 1s smaller. 71 Use only the method specified above in items 7 ands. ________________________________________ ; _________ ; ___ . __________
9. Analytical results required (if known, specify format for data sheets, QA/QC reports,

Chain-of -Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

Identify EPA QC reference sample lot numbers used and their true values and 95* con-
fidence intervals. Bench records of tare weights, final weights, volumes filtered, blanks ,
duplicate samples, and reference samples (all In the order filtered) will be provided
along with copies of worksheets used to calculate results. Dates and time of a) filtra-
tion of initial 100ml volume, b) determination of tare weights, c) sample filtration, and
d) determination of constant residue weights will be part of bench records. All records of
analysis must be legible and sufficient to recalculate all sample concentrations and
QA results.

10. Other (use additional sheets or attach supplementary Information, as needed):

11. Name'of sampling/shipping contact: Bob Phillips _______________________

Phone: 616/ 9*2-9600 EXT 263

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.
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I. DATA REQUIREMENTS

Parameter

Suspended Solids_____

Note: These are minimum
requirements. Report the
actual detection limits
used based on allowable
methodology options.

Detection Limit

2-3 ing/1 for 200 •!

sample aliquot

Precision Desired
l+l or Cone.)

Difference in duplicate
results shall not exceed
0.5 mg for duplicate
aliquots filtered.

II. QUALITY CONTROL REQUIREMENTS Do not use designated field blanks for QA Audits.

Audits Required Frequency of Audits Limits* (__S or Cone.)

1) Lab Duplicates
CSee item 8.3 on Page 2)

2) Lab Blanks
(200 ml aliquots)

1 per group of 10 or
fewer samples

Fper group or 10 or
fewer samples____'

less than 0.5 mg

-0.5 to +0.5 mg

3) 1 set of 2 EPA QC
Residue Reference
Samples-2 concentration
levels

1 per sample set < 5 mg/1 error for con-
centrations __ to 50 mg/1
or < or • to""lO* for .nom-
inal concentrations > tnan
50 mg/1_______.

* Alternate reference samples must be approbed by Region V RSCC prior to analysis.

III. *Act ion Required 1f Limits are Exceeded:

Take corrective action and reanalyze samples. ____ ' ____ ________________

Contact Jan Pels (312) 353-2720 or Chuck Elly (312) 353-9087.
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U.S. Environmental Protection Agency
CLP Sample Management Office
P. 0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SAS Number

SPECIAL ANALYTICAL SERVICES
Client Request

X
Regional Transmittal Telephone Request

A. EPA Region/Client: Region V__________________WK Engineering & Science

B. RSCC Representative; Jan Pels____________________________________

C. Telephone Number: 312/ 353-2720__________________________________________

D. Date of Request: _____________________________________________

E. Site Name: Skinner Landfill - West Chester, Ohio________________________

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability
your request, please address the following considerations, if applicable. Incomplete or
erroneous information may result 1n delay 1n the processing of your request. Please contini
response on additional sheets, or attach supplementary information as needed.

1. General description of analytical service requested: High hazard waste sample analysis
for chlordene. heptachloronorborene, hexachloronorboradiene. and octachlorocyclopentene

using SAS 3900-1 protocol. Analysis by GC/HS using B/N fraction method. Standards may

be difficult to obtain. Contact EPA Pesticide Repository._______________________

2. Definition and number of work units-involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

____58 high hazard waste samples._________________________________
Whole solid samples assumed.

Includes duplicates and spikes. ________

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):

Superfund - Remedial Action
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4. Estimated date(s) of collection:
5. Estimated date(s) and method of shipment; Dai1y b> overnight carrier.__________

6. Number of days analysis and data required after laboratory receipt of samples:
Laboratory should report results within 30 days.

7. Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):

SAS 3900-1 (high concentration organic support). Use B/N method for analysis of

chlordene, octachlorocyclopentene, heptachloronorborene, and hexachloronorboradiene.

3. Special technical Instruction (1f outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):_______________________
Perform method detection limit study as per 40 CFR 136 Appendix B. Conduct all

calibrations and QA/QC data using chlordene, octachlorocyclopentene, heptachloro-

norborene, and hexachloronorboradiene.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc;). If not completed, format of results will be
left to program discretion.
As per SAS 3900-1.

10. Other (use additional sheets or attach supplementary information, as needed);

11. Name of sampling/shipping contact: Bob PhlTliDs
phone. ______616/942-9600 EXT 263



I. DATA REQUIREMENTS

Parameter:

Chlordene

Hexachloronorboradiene
Heptachloronorborene

Octachlorocyclopentene

II. QC REQUIREMENTS

3.

Detection Limit

20 mg/kg
20 mg/kg

20 mg/kg

20 mg/kg

Precision Desired
or Cone.

35%

+ 35%

+ 35%

+ 35%

Audits Required Frequency of Audits Limits* (t or Cone.)

as per SAS 3900-1 as per SAS 3900-1 35%

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

As'per SAS 3900-1.

Contact: Jan Pels 312/ 353-2720 or Chuck Elly 312/ 353-9087

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.
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U.S. Environmental Protection Agency
CLP Sample Management Office
P. 0. Box 818. Alexandria, Virginia 22313
PHONE: (703)7557-2490 or FTS/557-2490

SAS Number

SPECIAL ANALYTICAL SERVICES
Client Request

Regional Transmittal Telephone Request

„ . WW Engineering & Science
A. EPA Region/Client: Region V__________________________*__________

B. RSCC Representative; Jan Pels____________________________________

C. Telephone Number: 312/ 353-2720___________________________________________

D. Date of Request: ___________________________________________________
E. Site Name: Skinner Landfill - West Chester, Ohio_________________

lease provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability
your request, please address the following considerations, if applicable. Incomplete or
erroneous information may result in delay 1n the processing of your request. Please contim
response on additional sheets, or attach supplementary Information as needed.

1. General description of analytical service requested: ____________________
Analysis of soil and sediment samples for chlordene. heptachloronorborene,____

octachlorocyclopentene, and hexachloronorboradiene by CLP SOW 8/87 methods.____

Standards may be difficult to obtain (check with EPA Pesticide Repository).____

2. Definition jnd number of work units-Involved (specify whether whole samples or
fractions; whether organics or Inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

80 low level soil and 48 low level sediment samples.

Whole solid samples assumed.___Includes duplicates and spikes._________

Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):

Superfund - Remedial Action
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4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: Daily by overnight carrier.________

6. Number of days analysis and data required after laboratory receipt of samples:
Laboratory should report results within 30 days after receipt of samples.

7. Analytical protocol required (attach copy 1f other than a protocol currently used 1n
this program):

CLP SOW for Organic Analysis (Multi-Media, Multi-Concentration) 8/87. Analyze

using GC/ECP according to SOW for pesticides. For samples that are greater than

requested GC/MS detection limits, analyze according to SOW for BW fraction.

8. Special technical Instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection Halts, etc.):____________________
Conduct a method detection limit study prior to analysis as per 40 CFR 136.

-Appendix B. Analyze as per SOW and perform required calibrations and QA/QC

using chlordene, octachlorocyclopentene. heptachloroborborene, and hexachloro-

norboradiene.

9. Analytical results required (1f known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left' to program discretion.

As per CLP Organics SOW 8/87 .

10. Other (use additional sheets or attach supplementary Information, as needed);

11. Name of sampling/shipping contact; Bob Phillips

Phone: 616/ 942-9600 EXT 263



I. DATA REQUIREMENTS

3.

Parameter:

Hexachloronorboradiene

Chlordene_______
Heptachloronorborene

Octachlorocyclopentene

Detection Limit

see Table I

see Table I
see Table I

see Table I

Precision Desired
(±1 or Cone.)

+ 20%_______

+ 20%_______
+ 20%

+ 20%

M. QC REQUIREMENTS

Audits Required Frequency of Audits Limits* (% or Cone.)

Hexachloronorboradiene

Chlordene _______
Heptachloronorborene

Octachlorocyclopentene

see Table II

see Table II
see Table II

see Table II

20%

+ 20%

20%

20%

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED;

Rerun samples.

Contact: Jan Pels 312/ 353-2720 or Chuck Elly 312/ 353-9087

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.



TABLE I

TASK: Analysis of soil samples for four organochlorine hydrocarbons; to be
analyzed using GC/EC and GC/MS.

REQUESTED REQUESTED
LIMIT LIMIT

FOR GC/EC FOR GC/MS
COMPOUND lug/g) (ug/g)

Hexachloronorboradiene 0.05 10

Octachlorocyclopentene 0.05 10

Heptachloronorborene 0.05 10

Chlordene 0.05 10



TABLE II

QC LEVEL OF EFFORT FOR CLP ANALYTICAL SERVICES

Method of
Analysis

GC/MS

Lab Blanks

One per set of
samples or a min-
imum of 1 In 10

Spikes or Surrogates/Spikes

Surrogates added to each
sample and matrix spikes
added to one sample per
set

Lab Duplicates

NR

Matrix Spike Duplicate

One per set of samples
or a minimum of 1 in 10

GC/EC One per set of
samples or a min-
imum of 1 In 10

One spike per set of
samples or a minimum of
1 In 10

One per set of
samples or a min-
imum of 10

One per set of samples
or a minimum of 1 In 10



r
U.S. Environmental Protection Agency
CLP Sample Management Off ice
P. 0. Box 818, Alexandria, Virginia 22313
PHONE: (703)7557-2490 or FTS/557-2490

SAS Number

SPECIAL ANALYTICAL SERVICES
Client Request

Regional Transmittal Telephone Request

A. EPA Region/Client: EPA Region V_____________™ E"gineering 6 Science

B. RSCC Representative; Jan Pels____________________________________

C. Telephone Number: 312/ 353-2720___________________________________________

D. Date of Request: ___________________________________________________
E. Site Name: Skinner Landfill - West Chester, Ohio____________________

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability
your request, please address the following considerations, if applicable. Incomplete or
erroneous information may result 1n delay 1n the processing of your request. Please contim
response on additional sheets, or attach supplementary Information as needed.

1. General description of analytical service requested: 2. 3, 7, 8 specific tetra-
chlorinated dibenzodioxin and dibenzofuran, total tetra through octa polychlorinated

dibenzodioxins and dibenzofurans, and percent moisture.

2. Definition and number of work units-involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

Analysis of 58 high hazard waste samples containing low levels of dioxins and

rurar.s.

Includes duplicates and blanks.

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):

Suserfund - Remedial Action



r
- 2 -

4. Estimated date(s) of collection:______

5. Estimated date(s) and method of shipment;
Daily by ^might carrier.

6. Number of days analysis and data required after laboratory receipt of samples:
Laboratory should report results within 45 days.

7. Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):
Extraction: Benzene soxhlet as described in Anal. Chem, 1980. 52, 2045-2054 (Appen-
dix I). Clean-up: HPLC/RPHPLC as described in above reference or Dioxin IFB ______

WA-86K357 options including carbon column cleanup as needed to meet surrogate percent

recovery limits (Appendix II). Instrument: Use HUMS or LRMS to meet target ______ '

detection limits.

8. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):_____________________________
1) Determine and report percent moisture (use CLP IFB protocol - Appendix III).____

2) Report all data on dry weight b'asis._________________________________

_3j Stir soil samples for 30 seconds before removing aliquot.________________________

4) Quantitation and standards requirements (Appendix IV) .________________________

5] MUST monitor for the masses of the polychlorinated diphenyl ether interferences

in all furan isomer groups.________________________________________

9. Analytical results required (1f known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc;). If not completed, format of results will be
left to program discretion.
Appendix V for deliverables.___________________________________________

Appendix VI for suggested data report format.______________________________

Remember to report percent moisture._______________________________________

10. Other (use additional sheets or attach supplementary information, as needed):
DO NOT SUBCONTRACT WITHOUT PRIOR REGIONAL APPROVAL.

11. Name of sampling/shipping contact: Bob philliPs________________________________
pnone: 616/ 942-9600 EXT 265



I. DATA REQUIREMENTS

3.

Parameter:

2378 - TCDD/TCDF

Total TCDD/TCDF

Total Penta CDD/CDF

Total Hexa CDD/CDF

Total Hepta CDD/CDF

OCDD/OCDF

Detection Limit

5 ppt

5 PPt

20 ppt

20 ppt

20 ppt

50 ppt

Precision Desired
(+* or Cone.)

IT. QC REQUIREMENTS

Audits Required Frequency of Audits Limits* (I or Cone.)

Method Blank

In-Lab Matrix Spike

Matrix Spike Duplicate

Surrogate Spikes

1 per 20 SPLS or set

in every sample

less than Target D.L
X

see attachment____

see attachment

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

1) ''FOLLOW PROCEDURES SPECIFIED IN DIOXIN IFB WA-86K357 (Appendix II)

2"\ Call Region V if problem persists. Jan Pels 312/ 353-2720 or

Chuck Elly 312/ 353-908"

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.



11. Surrogate, Duplicate and Matrix Spike Limits _ - _ s . . -^
' " • ' - . T - . . • ' " . . - - -<"-'--,_ "-. '.'•' •"' " -J.'~ ~. *~ •-- .- ' " ~

A. In Laboratory"MatHx Spike "?"V^-- ~~ "~"'-''' *—~

Recovery
'Compound Level Limits

2378-TCDD * < 50 ppt 70 -1X5
2378-TCDF T 50 ppt 70 - 1301

Penta CDD/CDF T 200 ppt * 40 - 1605
Hexa CDD/CDF 7 200 ppt * 40 - 1601

Hepta CDD/CDF ' 7 200 ppt * 40 - 160%
OCDD/OCDF - 7 500 ppt ;* 40 - 1601

* At least one Isomer from each of these classes should be used 1n the spike
solution.

B. Surrogate Spikes (required 1n every sample)

Recovery
Surrogate Level a • Limits

5 ng 50 - 1151

5 ng 50 - 1151
£HpCDD 10 - 20 ng 40 - 1101

'Added to lOg sample

C. In Matrix Spike Duplicate

Class . RPD Limit

2378- TCDD/TCDF < 301 RPD
Penta CDD/CDF ' 7 601 RPD
Hexa CDD/CDF ~ 501 RPD
Hepta CDD/CDF ~ 601 RPD

OCDD/OCDF T 301 RPD

,2/f*
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Determination of Tetra-, Hexa-, Hepta-, and
Octachlorodibenzo-p-dioxin Isomers in Participate Samples at
Parts per Trillion Levels
L. t_ LamparskI* and T. J. Nostrlck
Antytctl teooratorMS. 574 Buaantg. Dow Crwnca/ OSJU Ma&utet UcApan 4t$40

An analytical procedure Is presented which permits the lao-
mer-spectflc determlnaUon of tetra-, hex*-, heota-, and octa-
cnlorodlbeflxo-p-dlozlns sJmuftanoousry al parts per MBon
concentrations. Typical data are presented to i»rt»>flth ns
appficabWy en a variety of environmental parttoutate miola*.
The us* of a nighty specfflc sample doan-up procedure baaed
en multiple chromategraphim b shown to permit tho teo-
mer-specfflc determination ol 2A?te^otra«nlorodIberizo-p.
doxin (2379-TCDD) by packed-column gas chromatogra-
Dhy-tow-rvsotutlon mas apoctioiiioti'y In the presence of any
or afl othor TCOO humors.

The determination of parta per trillion (10"** f /i. pptr)
concentrations of chemical residues generally requires the uae
of either highly selective Maple purification proceduna
and/or very specific detectors (i, 2). As detection Bmha an
lowered, the number of possible interference* pi stint st .
significant concentrations increases dramatically (J). Don-
sJdson CO bas surmized that every known organic **»""""«1
could be detecud ia water at a lertl of KT" g/g or higher.
Similarly, *r**!A*™rij 0 analysis at the 10 pptr "i" ••*«•><••
level in a sample matrix that is 99.9% pure, mtd a aas from
as many as 10* compounds at concentrations 10* times higher
**»•* the component of interest are possible. Naturally the
addition of interferences from auuitas other than*the ""ipl*
aatriz can make this task formidable. Sucn rrsitamfnstinn
of laboratory reagent) by a multitude of compounds has been
reported (5-79). Indeed, in some cases, the controlHnt factor
in fff^»rminiT»^ ths B«"«* of dfttrty"1 (LoD) for a pwi analysis
is not the instrumental sensitmty of the detector but the
apparent response observed in reagent blanks (20-22).

This paper reports the development of an analytical pro-
cedure which permits the Isomer-specific determination of
2370-TCDD at low parts per trillion concentrations, even in
matrices that osvt been intentionally fortified with eqnrraknt
amounts of each of the other 21 TCDD tsomers. Hifher
chlorinated diozins, m<jti/Km hezachlarodibenzo-0-aloxiaa
(KCDDs, 10 possible isomea), beptachlorodibenio-p îoxins
(HTCDD*, 2 possible jsomen). and ortacnktrodibettto-p-diogn
(OCDD). can also be determined at low parts per trillion levels
by usini this technique. In regards to the isomer*speafic
determination of 2378-TCDC, the other 21 TCDD isomers
may also be considered as possible interferences. Several
publications have recently appeared which deaonstrateCpD
•f etermination eapabilitiae but do not provide complete TCDD

omer specificity (23-32).
EXPERIMENTAL SECTION

Reefcats. The preparatioa of 44% oaoozntraud wlfuric acid
on uiica. 10% tQver nitrate OB aXea, beak alumina, and purified
nitrefcn (Femtotas) hevt been described (I).

Silica. This •djorbiot is prepared from ehramsiafrapbie grade
silicic add as described lor the preparation of 44% suirorie acid
on silica (7).

32% 1 M Sodium Hydroxide om Silica. The tffica support
it prepared as described (J). Aetivsted silica is weighed into an
appropriately ttxad glass bottle. On the basis of the support

weight the amount of 1 M aqueous sodium Bydrwidt necessary
to yield a reagent containing 33% by weight a added in a supwia*
fcehioB with shaking to produce s uniformly coated, free-Oowinc
powder.

Chemicals and Solvents. AD solvents used are Burdick and
. distilled-in-glaai quality. Laboratory <*~":-r1' (H^O

AgNOkNaOH) are ACS reagent grade. These materials art tested
by subjecting them to the analytical procedure to verify the
absence of frmtarninstinn Spectraphotometric grade Cold-label
is-bezadecane was obtained from Aldrich f>«im'iJ Co. (MB-
waukec, WI) and was purified by passage through basic alumina.
• Expendable*. Pyrex glass wool, silica boiling stones, and
disposable pipettes are cleaned before use. Glass wool and boiling
atones are Soshlet extracted —1 h consecutively with the following
solvents: methane! chloroform + benzene (la by volume),
benzene, and metnylene chloride. They are then dried ia a hot
air even at —160 *C for ~1 h. Disposable pipettes are cleaned
•hraaonicafly in rfeionired water and then methanol and finally
methylcne chloride prior to drying at -160 *C Final sample
residues are stored B Reecti-Vtab obtained from Pierce Chemical
Co. (Raekford, IL). The vials are cleaned by washing with de-
tergent and water and then boiled sequentially in benzene +
chloroform + methanol Cfcfcl by volume), benzene + chloroform
(Id by volume), benzene, and finaOy methyisne chloride. They

• an air-dried and again rinsed with methyisne chloride Imme-
diately before use,

Dieadn Standards. The primary standard of 2378-TCDD was
pnpared by W. W. Muskier (Dow Chemical CoJ sod as structure
was confirmed by angle-crystal X-ray di&mcticB techniques (33).
Parity wsssssessed at 96% by mass spectrometry. Standards
of othor TCDD isamen were synthesized end isolated ss previously
described (34). Primary standards of UA4 A7,g-heptachloro-
dJhenzo-p-dJozm (1234678-HrCDD) and OCDD wen synthesized
by H. & Pravel and W. W. Muelder (Dow Chemical Co.). A
standard containing two HCDD isomen wes prepared by Aniline
(35). Standards of 1234679-HTCDD sad the 10 HCDD isomers
wan synthesBed and isolated m s manner similar to that reported
tor TCDDs (34). Isotope-enriched "C-OTS-TCDD and UC-
123478-HCDD were synthesized by X & Xende (University of
~ " r, Rochester, r^ Mass spectronuofeanaly* indicated

i standards to be 86 atom % and 43 atom % "C, respectively.
Psrchlorination of the BC-2378-TCDD provided "C-OCDD.

Apparatus. Xeperse-Aose Hifh-Ptrformonc* Liquid Chro-
SMtOfmpfty W-flPLO. Residues containing chlorinated dioxins
an injected into the RP-HPLC system: column, two &2 x 250
BB Zorbez-OpS (DuPont Imtruments Dtvisioo, Wamington, DE)
ontirnns fa series; Jsoostic elaent. methanoi at 10 mL/min; pump,
Alttt Model 110A: column temperature, SO *C; UV detector,
Parkin-Elmer Model LC-65T Squid chrometognphk eohunn oven
and detector operated at OA2 eufi) at 235 nm; mjector, Rheodyne
Model 7120 with SO îL sample bop.

Ntrmel-Pfiast Adtorptian Bith-Ptrformanct Liquid Ctuv-
akBtogrsphy (SUux-HPL®. Residues containing TCDDs are
fajected into the sutca-HPLC system: eotamn, two U x 250 mm
Zorbax-Sn. (DuPont Instruments Division) columns in series;
iaocranc etuent. hezane at 10 mL/min; pump, Abes Model 1JOA,-
Bnhrmn temperature, ambient; UV detector. Laboratory Data
Control Model 1204 vsriahle-wsveieagth detector st O05 sub st
X3S nm; injector. Itheodyne Model 7120 with 100-«L sample
injection loop. The ""'•"•'••T were sctivsted by the procedure of
Bredeweg et si (35).

•acfted-Coiumn C« Qu*nngogmp)ry-Lo*-Raolution Mau
Spcanmtay (GC-UWS). Chloriast*d djqii" quanti/icsaon

Reprim«l fitw Analytical Cheaustry. 19M.52. J04S.
Copyrifht C 1980 bv the AB«nceo OiemiceJ Society sad repnoted by persueeioo of the cepyrifhi awrar.
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was sceompuibed by GC-LJIMS usiaf i Hewlett-Packard Model
' 5992'A opeiOBf ta the leieeted ion moot (STvfl u van resolution:
eoiuBR. 3 aaa Ld. x *IO CB silyiaMd fbac psddat. aw?. OV-17
eOicBBe * 0.40% Poly S-179 on 80/100 mesh Ptraaboad Mtthyl
S2Jcooe-10 cyeU ODJU Systems lac. Newtoa. MA); injecsoo pore
tespecacuni. 30 *C on-miiimir carrier pi. beiiua « 14 of/aim
•tparacor. siafl* state gjaasjet operauog u eoluma (esperanirc;
eiectroa «n*rjy. 70 *V. TCDD aaalysat eoadiuoas: cojuaa
tampereture. 246 «C isothermal: ion atonitand. natm TCDD*
•t m/« 320, 322. sad 324. ud aC-237S>TCDD journal scsadard
•t m/« 332. Richer cbloriaatod dloxia aaatyse* eoaditioas:
ealuma temperature. programmed from 230 to 300 *C at 10
•C/aia aad bold u ""̂ i"'?' tea aoahond. native RCDDt
at «/• 388. 390. aad 393. native HiCDDs at */• 422. 424. aad
426. aad aative OCDD at m/« 448. 480. aad 462. aC.123478>
HCDD aad °C-OCDD art monitored at m/« 396 aad 470. re-

.
Eavironaieatal PardcoUte Sample*. Industrial Dtut.

Paniculate* were removed froa the air iatake nitration synem
from a research buOdiag locacod ia Midlaad. ML

fUanttoacoity Pntipiuud FJy AtH. Paraculatat were
•BlTofTari from the ata-ramoval system aatociatad with the elec-
ttomuae prectpitator oa the NasbvuT* normal Transfer Corp.
refuse iacsaerator located ia NasbvuTe, TO.

AeSioattd Municipal Sludf*. Bepneeatatfv* samples were
• removed from the center of a commercially purchased 20-kf ba(
tf KdwattJcee M3or|aasto.

' Ureon Partieulat a-Vattar. StaadardBWenaeiafaterialNe.
IS48*w obtained fan toe NatiooalBoreen of StaadardtMBS).

European /Ty A*A. Pardealate emtanen froai aarauopal
* tatta ncmntar win oouACttM ?B nT*** P^T** H* i yytirTfen*iir

locitioa of ttait MB*rlh>f pan «w

r

QJ
\-

icrapNc deen-ue cokvma.

The volume of the
totutioa it thaa reduced by ataMcpheric prttture distillation of
the baasaae solvent to a final volume of approximately 25 mL.
The oonceatrated beaten* extract is thea diluted wita a roughly
•qua! volume of hexaae whea end

BuJk BJSJZ (beaseae frgarrahles other thaa CDDs) removal
» irrnmpllihtrf by passim the residue exaaet solutioa through

VM not ofMfsttd to ncow «jMror HLF _. _ _ v_
• • Sample Preparation. Prior» GC-LBMS SIM.,——————

the sample is prepared by utjag fh* basic tfepc CD chloriaated
diosas removal from the matrix via hydrocarboa exaction, (2)

ehromatocnphic eohnan (see Figure 1) prepared
mflowe, The cola&a is thonufhly washed and dried ju»t priar

to ON via th* i id for *h* Sosslet

osidlzablt sptdtt, (3)
ffattrpiol btctf tnactM, (4) BP*BPLC i

ivflAow vwicfml cbftoictDy immsSft f
dioxias preeent ate poop* accordJat to thair d*ejre* of

rinn aad (SVaiactrHPLC iifltiiitialini of the RP-HPLC
TCDD frarrinnt to provide a secoad U

teparatioa havfaf cSSerest sel
mtezftreots aad, to peroit TCDD if

• Aa appropriately sized afl-glass S
•quipped with a water-cooled cendtDier. a 43 x US i
thimble with coarse frit a 250-aL boOiag flask, aad a i
tme-uiatiulled haatiag mantle ia assembled, lech of the]
it thoroughly scrubbed with aa aqueous detergent i
with daioaized water followed by acetone, methai
ylem chloride, and ffaullyafc>dried. Dip.ndJDfcai
aaaple size (larger samples racjuin most). 5-15 ( i
charged mto the thimble followed by a plug of glass wool large
•Dough to cover *fr* aulcs bed completely. Taa aatembled tyetam
(thimble tastafled) it charged with beaxeae (-290 mL) aad al-
lo*»ed ta reflux at a recycle rase of —20 mL/mm for a minimum
period of 2 h. FoUowiag this preextractioa period, th* system
ia permicted to caol aad the total boBsjeae eBXtjct it diaavded.
The unii r i in i ttiiinlili '• uninieM ml *n»mil iniliain mtjpltnljr
•aa deaa wire staad ia a rum* hood. The giata wool pfatg is
reaunJ with deaa forceps whfle a npieeeauti»e particalate
eample. raaging from 50 mg for fQtared airborae partieolatae to

A ftata wool pluf it nterted iato the tad of the column to torr*
aa a bad rapport, aad the faOownu; rtaftati art then carefully
woijieddirecdymtotaeoohBaa: LOf of tflica (bottom layv),
101 of 33* 1M tod{om oronside oa sOict, 1.0 c of suica. 4.0

K" 44% oancmatnted toUotic acid oa sOic*. sad 24) c of silica
layer). Th* freshly packed eolnma b than fansocUately

pie»*«iieil with 30 aLof heaae and the effluent discarded. Tae
ratidne euaact is thea pasted throut^i the columa followed by
» » 5-igT. fc«i«i^ ritrtt* jf**^ MBnf flask"BauL Foflowiat;tbaee
iteees aa addWoaal 30 mL of hesaae it passed throuai the
•~>"-" The total effluent I* collected ia a ISO-mi, beaker aad
tfaaa tratMiieU to dryaast uadar a totaa of Femtocas uiiaucea.
A sjaala drop of A-hatadecaae (~2S ag) it edded to the raac*at
blaak prior to ta ewpcnsaa to dryaeai at a meaas of improviaf

TrJ

-. *
A

100 ( for heavy sods, it quickly charted oa top of the sfiica bed.
The (las* wool pluc ia repiaced aad the thimble returned to the
Sozaleiexoctarbooy. AtthbtiaeaBquoaof JKnirrsniimaraat
•taadard toluooB* •f~*mj*i»f iaotopically labeled 2378-TCDO.
123478-HCDD. aad OCDD an mooducad directly iato the
parBcuIatei bed. The tvctaa it rechatnd with ftieo beaatae aad
•XAaurevcJy aztracted at the rate prrrioualy datcribed lor a
minimum period of Uh, Eaca sample or tot sbooid be»» at least
one tyium creatad at daechbed far the sample to tan* aa a
reasjeat blaak.

Upos campletiaa of the pnacabed ascacaoe period, the flask

i fhemiral latarfanauts art t«mo*ed by pataaf* of the
i throu(fa a dual eoloaw lytum conxiftin( of a top Macro

eonmatafraphic columa drajaiai iato a bottom Hith Aspect
T "̂*"" (See flfore U Esca of theee celumas is cieaaed as
prrriously described aad a (las* wool bed support isaened just
prior to aee. Ta* Macro eahaaa ii packed with U| of 10% silver
•teate oa sfltea aad prewasaed with IS mL of basaae phor to
•M. Tie Hifh Aspect eoluaui is packed with 5.0 f of basic
•'"'••{"- Wbaa the top Macro columa prewasa has draiatd, it
fapnaifionerf irrtrrhe Hifh rttptrr mlmnn rmr'nir Tbetaspie
raaidue it dissolved ia ~1S mL of hasaae aad introduced iato
the tap ooluma followed by 3 X 5-mL hexaae beaJter riatea.
PoOowux the riaaea. aa additioeal 30 mL of beiaae a passed
taroufh the tyttam. Wbea dmiaed. tft« top coluan is discarded.
After the bezaoe has draiaed to bed level ia the Ki«a Aspect
fpJHBB, 50 mL of 50% (v/v) earboa teoacaloride ia bexaae is
fmTfuA tgjQm^ Tae total affiutat to this poiat caa be diacaroeo*
A 25-mL lias* vial (deaaed state a* chnmstocnpaic eeliinin*)
atoMd to collect tat total tfflueat after SJ mL of 50% (v/v)
•athyiaae chlftritit ia haaaoe is iatrodyctd into th* coiusa.
Wbaa dmua is complete tta bacaoa waica rmrtint chioriaated
dtexiaa is evaporated to dryaeat oadar a ttwam of Fentocas
•icracta (i).

BP*ifPLC ft***i**inf "^^ of th* naidue it iat&ated by caiQ^aQOB
•f the appropriate .tJlerrim mne. far TCDD*. HCDD*. H^SPa.

• •• • •
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Tablt L TCDD bomer RP-HPLC Fncsonation Scheme
and Specific Retention ladle**

Table U. HCDDv H.CDDi. ua OCDD Ritention Incic*

-9

TCDO iiomer

1269
1469
1267/1239

1268/1279

1369/1478

1246/1249

2378
1236/1239

1278
1237/1238

1247/1248

1378
1379
1368
1234

RP-HPLC
aaiRT.1

mat
sOiea-
HPLC

reiRT*
GC peeked column

relRT'
RP-Ijo No. 1 Fraction

11.6-13.0 1.702
11.6-13.0
12.2-12.9
12.2-12,9
13.3-13.9
13.3-13.9
13.3-13.9
13.3-13.9
. RP-2378
13.7-14.5
13.7-14.5
13.8-14.5
13.8-14.4
14.4-15.2
14.0-14.7
14.0-15.0
14.0-15.0
14.2-15.1
14.2-15.1

1.497
1.623
1.795
1-238
1.291
1.220
1.340

Fraetioa
L323
1.411
1.000
1.356
1.350
L288
LlOO
1.128
1.154
1.199

0.998
0.912
1.081
1.200
0.956
1.065
0.802

RT-Iso No. 2 Fraction
14.9-15.7 1.000
14.9-15.9 OJ40 ' .
X9A-16.8 0.977
18.8-16.8 U4I

0.896
0.898
1.006*
1.037
0.969
0.893
0.979
a990
0.854
0.857

a858
fl.771
0.729
0.960

• RP-HFLC abs RT » absolute retention time (*0.1 atria)
to collect peak. * SOica-HPLC rtl RT • retention time
relative to 2378-TCOD (eO.010). • OC-packea1 column
Ml RT • mention time reUcive to •»C=2378-TCDD
(.0.005). * Native 2378-TCOD eutee aUghtly laser than
"C.2378-TCOO.

•objected to rtvtat-phatt high-ptrfbnnanct liquid chrema-
'̂̂ Ĵ P ŷ tn£rirm*fff*i* T}W TTffllflfft Hffllid *̂ f̂ *̂«*̂ ŷ ****

monitored by a UV detector at 23S an (MXBM for TCDDs)
aad 1X02 aufi art shown in Pigurt 3b-t Shown in FIgurt 3a
ii tht «-!i»i"i.t.«r*m obtained for a CDD cauaratioa standard
by RP-HPLC. Although tha appropriate CDD eoDection
foaaa. danotod by dottad Ifag. wart initially •atabliaaad by
iadmdual iajtctioat of 23 TCDD woman, 10 HCDD ifanaa.
2 HrCDD iaomen, aad OCDD, wt rootiaaly eomputt thafe
loeatioa from tb* ob*«rrtd mention times o/oaly a faw st-
laecadspcciM. Th* spteific RP-HPLC rttaatioa indiew for
TCDDt an pvta in Table I and taoae tor HCDDa. HrCDDa.
aad OCDD art lilted ia Table 0.

Aa indicated, afl 22 TCDD aomea can be fracdonatad from
a aample residue
at — 1L5 and endiaf at ~\TS) mia. The iaitial staft of TCDD

• iaomtr ip«ci5city b acbievtd by coHectia( the 25 iaomaa in
three «epance fraetioaf u shown. TCDD leo No. 1 (RP-
HPLC TCDD iaomer fraction aa 1) can contain the foUowtaf
itomen: 1269- , 1469- , 1267., 1239-, 1268-. 1279-, 1369- , aad
1478-TCDD. Tb* TCDD 2378 fraction contain* 1246-. 1249-,
2378-, 1236., 1239-. 1278-, 1237-, 1238-, 1247-. and 124B-TCDD.
TCDD lao No. 2 contain* the •"""''""•f tour Stamen: 1378-,
1379*. L368-, and 1234-TCDD. Prtiimiaary tvidenca, pined
by fortifying sample* with roughly equal aaouati of all 22
TCDD iaomen at approximately the 150 ppa conctaastipn
lev%2. ha* inojoctd *̂** tfartt o/ tht pcttibit iaomtn ia TCDD
I*o No. 1 mutt be sacrificed ia order to tnsun quantrtstm
eolleetion of 2378-TCDD ia tht foilowiaf fraction. Thi*
coastquenct wiQ be discussed later. Its occurrence artUted
to the RP-HPLC mention times far the isomtac 1369-TCDD,
1478-TCDD. and one of the pair 1268- or 1279-TC2D hanriaf
Su rtl BT L228 CaonnaJ-phast «li~ HPI.C rttantion time

CSD i*om«r
HCOD.

123469-HCDD
12346T-HCDD
124679«24689-HCOO
124679/124689-HCOO
123678/123789-HCDO
123679/123689-HCOO
123679/123689-HCOO
123678/123789-HCOO
123478-HCOO
123468-HCOO

H.CCD.
123467 9-H.COD
123467 8-H, COD

OCDO

RP-
«Uica- HPLC GC-?»ck»e
H?LC aei column

r«l R7» RT« nl R7'

1.081
1.192
0.953
0.972
1.060
0.970
1.039
0.974
0.941
0.890

19.23
19.47
19.62
19.70
20.07
20.20
20.23
20.8S
21.02
21.87

24.00
24.65
29.40

0.954
1.07T
0.805
0.306
1.103
0.903
0.908
1.016
1.006*
O.S61

* SHio-HyLC rtl RT» retention tim« rtlativ* to 23'S-
tCOD (tO.010). *Rr-KPLC*fa*R7» absolute re tea non
(tO.l min) st peak asKimum. * GC paoctd column ni
RT- retention time reUtr* to UC-1234T8-HCDD.
* Natto 123478-HCDO elutee »li(hUy Uur t&w "C-
123478-HCDD.

rtlatr** to 2378-TCDD). Their rttantion time* art very
to tht frsctioa boundary seeantiaf Iso No. 1 and 2378 and
an split rather tetprodueibty between these fractions. Al-

. thongs these bomen do not necessarily interfere with tht
guaaritatioa of tat isomers expected to the present ia tb'
TCDD 2378 fraction, their q^iantitation essentially becomi

Bpossibla. For casts where o^iantitation of these three
TCDDa is rtquittd. a stcond aliquot of sample residue can
bt fractionated by RP-HPLC at soch a manner so a* to ex-
pand At bo No. 1 fraetioa to ensure their eoUtction.

Tht 10 HCDD Boaua art eoDeeted in accordanct with
Pljurt 3 and Tablt H Although isomer-*peci2c HCDD dt>
tarmiaatioas an HfltiThlt by ^fnf tsstntiaUy *i** samt
efaomatographypnctdurts dtacribedtorTCDDs (Le,HP*
HPLC — silica-HPLC — GO, wt here not yet applied this
system to samples. Similarly, tht two H-rCDD isomtrs art
cnnerrerf in a tmtie fraetioa. at is OCDD.

Tht RP-HPLC residue fraeoonation chromatogTanu in
Figure 3 an typical of those stsorisrid with particulaic sam-
plta. Tht prissaiii of higher chlorinated specie*, such as
HrCDDs aad OCDD, can often be observed at this point in
tht analysis. Although tht UVdtttctor has been adjusted
fgi Tpm-fiimnK ttBtitivtty for TCDDs. onder these conditions
• detectable response for HCDDs. HrCDDs, and OCDD is
obtained for approximately S Of. Simfliriy, bepucalorodi-
btmoranns (HfCDFs) and ocuchlorodibeawfurmn (OCDF)
auy abo bt obstrred in the RP-HPLC fracsionstion. Because
of the lack of availability of authenticated chlorinated di-
btaxnfaraa (CDFs) standards, we have made no stteapt u
cjuantitatt these species. Vk collection of appropriate RP-
HPLC fractions, aad capillary GC-EC aad GC-LRMS. we
hare tstablisoed the possible pnsenc* of tour H,CDF aomers
aad OCDF ia t variery of particulatc samples.

Refractionation of the RP-HPLC TCDD fraction* via
aormai-phaae HPLC (autca-RPLO ia the final stage of the
sample cleanup prior to GC-LJLMS analysis. Normal'
moaitonag of thatt carasitapna with a UV dtteetor at O.C
auft tad 223 aa dots not product observable ptaJo whh the
txception of tht '•C-SSTS-TCDD internal standard. For this
{•Men tzamplt ehramatograms art omised, Table I lists the
individual TCDD itomen contained in tecs RP-HPLC TCDD
fraction. Included are the RP-HPLC. suica-KPLC. and OC

»iiTT^im retention iptfm tor eacc species. By use of
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ftaedvd coatauuac tpptouaauly 10-30 of Mc2c J37&-TCDD.
HCDD(»). H,CDD<i). tad OCDD ia ao »ort thin 30 ji of
chloroform, la •ceordaact «ntb t&i chnaacofraa obuiatd.
appropriatt collection ZOBCI art taublisatd for MCB of lb««
tfut-m (*tt Dbeupioo Meaon). Fallowing caiibratioa. tat jajtcur
if rinnd with eopioui quuoxua of calorofona. to iadudt BMle'pia
eouKudv* iajtetiona of 50 uL of dslorefora iato tat eoluma to
oaaurt tact ao midual caleriaatad diosia* raauia.

Taa naidua it prtpand tor RP-HPLC fraction atioa by
ojuaatitaciv* eiaafar to • OJ-ati. Raacti-VUi, QtuntiuoTt IB-
joenoa raqiiira eompltta raaidua solubility ia 90 »L or la** of
chloroform, LaR^otjacaoa* of chloroform iato lhiaRP-KPLC
ayataa sa««raiy nduet coiuma afleiaacy. AaaCqnocof Boaon
than 30 »L eu bt fracdoaatad if tba sanplt raaidua nquiit*
gnatar amounts of chloroform to bo dtoaotod. Appnpnau
chloriaatad dioxia fr»etionj «n CBflocud ia 3S-mL voCaMOie ~
fluio. •OAtipp*d vitb pouad |iaji noppon. "~"*;^nt "I *!•
of BTTMT ^lo caioriaotod *ti**T*r wo noowrod by tfl^lffffp of
2% (w/r) aouooui (odium bicarboact*. Th» boxano layor i«

md to a 3-mL fSaaa wal aad tha aquoooa pbaa* to
idditiooal timaa with -1 avL of btzana.
i an than crmpcrastd to dryaaa* tmdar a straam of Fam-

toaas aitroftn. BCDD, BrCDD. aad OCDD fracaoa* an
tfuasBtatrvaiy ttaaaftfnd to A T^ffifr Raacti-Vlab **"* tfiUirtfl tt
appropriata voluma* far datazmtaadaa by GC-LRMS.

Baavdiar * aa toomar-apadfic 237VTCDD datar-

237VrO>D fraction to raojandCaaoDbcoaaiaBstcaoB). Call-
bratJon of tha appropriata rollaftinB aoaa to acaampltoaad by Oworam tor COO samp* preparation.

Adaquatt toomar spodfimy to obtaiaod whoa tha afflca-HPLC
oolumat an soxBeiisady dry so a* to pranda a 2S7VTCX>D ra-
teatioa oma taaamc from a minimum of 12J mfe ta i

cfanautofraa it n>niiitnrod aad tba apprepriato 337S>TCDD
vial TUifracxiea to oaflaetod fa a 5»mL aiaaa rial Thto fraction to thaa

avapozatad to dryaaa* uadar a straam of Famtopa aftfona aad
dfhxtad to appropricta «olnma far datarmmanoa by GC-LRMS.
Taa procadun can also b* o*ad to ooQact otbar TCDD tonmari
aa dascnbad ia tha Dbcoaaioa aacooa: aaa FSgnra 2.

.-". 'DISCUSSION .
Taa porpoaa of tail paper ia to damona&att tha naaZbflfty

of oaiaf a amfla muttpla-atap procadon to •ceompUab tha
cMmar^Mdac datanainatioa of TCDDa. BCDDa. BiCDDa.
aad OCDD at low part par trUEoa man•rinariiiaa fa a Tanaty
of onrironmantaJ paninilata aamplaa. Than wan two

Jtat,
too aampla
Eatad ̂ '"
asd froo a "Vfi* woricup* A&d aacood* au prooaduna awat

wp must bo capable of neowiar ••*» of tba
(CDD) r""l** from a ̂ rti* ampia

poaifola ao that aucs arialjiaj ooold DO eaadoetad ia tha
paataat aumbar of aoalyocal faeflitiaa. Taaaa pnrtquiaitaf

by wfaich ^^ daac
can ba aeeompliaaad. That to, a aoutral or acid asxacaoo
pvocadun mut ba oaacL Aay ttaa^Baot of ̂ *K** tha aampla

o/tha'hBpW cUotn^dio^CU.̂ lB^Bordaaca with
i of baaduac aad tba naani aolubflity charaoanatica of

diormi (laaat aalubla apoejaa). continuous
waa found ta ba adaqoata lor aD pardeulata

plm examined. Tha aaJaetioa of paekad-columa aaa
amotrapay- tow-nanhirinn maaa ayomuuianj aa oppoaod

to expOlary column (as <d)rcaatc«nnBy-bia>-naoiuiian i
apacgomoqy rapnaana our anampt to oat tba laaat so-

padtad<aluma GC-LRMS to iaaanatly men aubjtct to
poaaibl* iatarfaraaca thaa capfllary cokmm GC-HRMS a mon

i aampla pnpantioa to nqiand. Taa approach of
ahinini daaaicaJ rrgmctioa aad adaorbaat daaa-up taca-

RP-HPLC

taaaa CDTComataacaa a aja^ificaat poroon of t^m mathod ca>

aad Jii 'i P *ff <*i*̂ *i*i of CDDi to nlacxtad to ^** daaaup rataar
taantothafinalpacbramatopa^uksaparatioa, This can
ba advaotafaooa whoa daauaf with hujaly coatamiaatad
aamplat bacausa tha djromatopaphk capacity of tba daaa-up
•taps to uaually much paatar thaa that of tha GC eoluma.

* ojpacuuy waaB capulaoai an QBOL laaddluOB. tns appzoaca
faeorporataa tba conatcatr»» RP-HPLC and «flica-HPLC atapa
that wa hen pnbOahad for tha aapanoaa and isolation of tha

. 22 TCDD toomaa (M). Thair daacribad application in tbia
PtOCMltOV ptfS&BB tjM UUUyVl to pffUw '̂TfT'iT**^ VIUCS ptsMlHiB
TCDD toomen can ba pnaaat ia a (hta naidua fraction.
pa«*^^ *fr» aacaaattr of uaiai a capulazy GC ooloma to obtaia
saprovod TCDD jtrnur aaparationa to timuaatad. This ca-
pability may ba of otmoat importanca a* tha author* an not
.•wan of any poblUhad data socnatias; that afl 22 TCDD
tooman can ba aapantad rimuhaptoualy aaiaf a siafla ca-
pfllary GC column. Taa dtarrihtd mathodblofy wQl addnaa
tfaia problam.

It to to ba aadantood Oat tab procadnn baa bora dt-
voJopad aad oaad for aurray purpoaa* oa a variaty of diffanat
onruuuiiianul parrimlaTaa A eomplata mathod validation
fpyfrnjfay coB&olai fbrtificaoona. •^ nplicataa would ba
nquirtd far aach (pacific maoiz bafon it* abaoluta dafrt*
rfnuabuJtyeanbtonabliahad, Tbaiacbaioaofjsotopically
orm'rfaad TCDD. BCDD, aad OCDD internal standards pro-
rida a Taaannihls datna of nUabfliQr qadar tha ctrcgmKancaa
ofHadaacnboduaaa.

Tha «*«"pi«- ID | of NBS urban pardeulata mattar, 1.0 (
of industrial dun. LO t; of alauuataacafly pncipitatad fly aah
from a municipal bursar (fly aah). 117 ( of Milorjanita. and
03968 ( of Europoaa flyaaa wan Soxhlat arsactad wita
baazaa* for —16 b aad tha naulnnr. raaidoaa procaaaed
throufb tha pnumiaary liquid ehnmatocrapbic daaa-up
atapa. Each aampla. ta iaduda a nannt blank, wu fomfiad

1 standard CD D»
(°C •""' 11' INI) pnor to anaiyiis. Aftar naaaiar to au3-mL
Bmrri-VU) *r^ «..f...»p» nT'&neiimt. «H «ampi«« vuZAfd
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mean cfcromi
firoptan fly aaft. £f) NB5 man

ran* M standard, (b) Mutrial due (e) fly aah, (d) mrtdpal *fce>. (•)

thia ta/onaatioB. appropriate ftactfuiu OB bt collected fruui
tat stliea-HPLC which pamit isoaur-spacific GC-LRMS
identification and (puatitatioa,

Tat fiii-».HPLC TCDOf *•"**«•' •**<•« »'Vi»in» j^ Tablt ffi
{§ designed to providt maximum iaooitr-spact&c mfonnaoca
whan usinc oar packtd-eoJuma GC-LRMS aaalyiia, vail*

btriaf that the primary jpal was to providt tat biajnat quality
aaalyticai dau Cor 2378-TCDO, this aeattoa ta adtquata.
v.y*f^TTt«n'/wi of t&t GC packad «fti*»»*n nlasvi rMaatioa taata
(GC rei RT. TCDO rttaanoa taa* rtknrtto aC-237»-TCDD)
for all TCDDi pnatat in tat R?-2378-TCDD fracrioa iadi-
eates that four othtr TCDDi hart GC nl RTs withia 40.050
(~ L2> for 4 mia ihioluM ntaBnoa tout Car aC-23T8-TCDD)
o/2378-TCDD. Arnitaariljr dafiamf GC nl RT *&050 aa tat
»i'm'mn"i GC paJcetd >"1"«"" atparatioB Car qnaUtatiT*
MrpfifieaooB of a TCDD iaoaiar from 2378-TCDO and thta
dinct GC-LRMS aaalyni of taa RP-2378-TCDO fraction
would yield a 2378-TCDD *mlut waica eouldjadudt a atax-
fr»"" of four othtr TCDO iaomtra (2378-TCDO •*• 4). How-
«vcr. asasunaeoo of tht at&ca HPLC raiaoV* nttatioB timta
(Su r*l RT. TCDO ntasooa oau rtlazivt v> 2378-TCDD) Car
thtM TCDDi iadicatas that 2578-TCDD ia tht first iaomtr
to tluta. Tat aazt taocatr ta alia* ia I237/L238-TCDD (S3
~*1 RT L10); howrw. tm at tat roininiimi aeeaptablt ul-
ica-HC'LC masooa *""» for 2378-TCDD which • "• ̂  * «*y"
taia isomer it Mpantad by ~L,TSjBta. Taa •̂ "••'"''«f aiat
TCDDaoatn. othtr than 2378-TCDD. anatat ia tat RP-
2378-TCDD fracsoa *^" bt '^^^fH^i^TH as «»T<y'* isoaia

1238-, 1247-, aadl248-TCDD an assintftHj baatUat stpa-

tht txceptioB of thott ia Sfl Fraeuoa No. L Ai»j»«..t»i 1237-,

ftaccioas oadar c&aditioaa waart tat sp*o*a caaaot bt ob-
aarrad by a tJV dattctor would bt <itmcnit- Htnet a sisclt

^ fraction is ooHtettd for GC-LRMS analysis. Aa iadicattd by
:ta* iaap«ai*t GC nl RT*, that* ssomtn eaa b* dettmintd
• a total for 1237- aad 1338-TCDD aad a total for 1247- aad
1248-TCDD.

Tan* of th* TCDD iaamaa Biaiaat b RP-Iso No. 1 ar*
ascBDoad la ordar to auavuv ouziBuaa raoovvy o/ 2378>TCDD
m A* foflowmj RP-KPLC fried oa. Tat eonatqutac* of this
aituaoon is tht poanbli pnatae* of 1263/1279-TCDD (S3 rtl
BT U38). 1369-TCDD. aad 1478-TCDO ia tat RP-2378-
TCDD frmcrioa. Rcfardiaf thtjr afftct upon tat iaomtr-
apaeinc dturmtaatioa of 2378-TCDD. it eaa b* obatrvtd that
ao iattrftnaet ixxm by virtat of both thair rasptetirt sfl-
fca-HPLC nl RTa aad their GC-paektd eolusta r*l RTs.
Bowrrtr. aadtr eaxaamaaeaa waam th* 1268/1279- TCDD
(Sfl nl RT L238) taoatr ia nlatrrtiy high ia conctotranon.
it eould bt tnisidtBrifitd aa 1237- and 12M-TCDD prtseat
la S3 Fraction No. 1 of tht RF-2378-TCDD fraraoa. This
inarfanaet raaults from «"•"">•» GC rai RTs for thaat isoatrs
at iadieaud ia Tablt EEL Tht 13B/1478-TCDD (S3 rtl RT
L220) wiS not oust any similar iatarfanact problem* witi
taoa* TCDDs pnatat b RP-2378-TCDD frmcaoa— Sil
Fraction No. 1 bteauat of its GC ni RT of 0.802. Th* ra-
miaiaf iaomtr. 1369/1478-TCDD (S3 nl RT U40). if
anatBtiB high eoactatraaoB BUT iatarftr* with 12+6 /
1349-TCLi ;S3 nl RT L4U) ia RP-2378-TCDD feaoion-Sil
Fracnon Na 1
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**gw*4. Isumei'tcecflc aTS-TCSO QC4M6 mass dramaKy atra. (
fly aah. (a) municipal (tudge, CO bnpeen By ash.

2378-TCDD fractions of each perrimTire sample aaalytad are
shown ia Fljurt 4. Narivt 2J7J-TCDD is monitored at m/e
820,322, and 324 and "C-JSTS-TCDD at 332. Tat csSbratioa
standard (Fi«ura 4a shown is typical for a 2-oL injection of
« reference standard mntsinmf 100 pc/«L of native 2378-.
TCDD and 500 pc/pL of aC-2378-TCDD.

(b) rwaown aev*. (e) MMM *•(. (d| ertL-j unaiii.

tb« analysis of tat RP>2378-TCDD taedon from slaceo-
ftttJcally prscipftated fly ash far 2378-TCPD. bafart and after
afliem-HPLC rafractfonation. AssmMnsafcDSBzia(boBio-
fsaeity. a 2-t portion of ssapk was priu'essiil throojh the
cleanup inchidint; Rf-SPTJC I'rsrHi'p*""^ At this p****** ttx
BP-2378-TCDD fraction was dhidad into two equal p*^rHt
each equivalent to 1 f of orifioal sample. One portion was
analyzed directly by GC-LRMS as iDunrated in Pijurt Sa.
Tie other portion was further fractionated by sflica-HPLC,
the SQ Fraction 2378 collected, and mis midue snalyied by
GC-LRMS (Ftffur* 5b). Comparisoa of 2378-TCDD qnasti-
tation for thase residuea yields 1500 pptr before ifliea-HPLC
nfracDoasoon. and 430 pptr after. The nlue obtained before
aQica-HPLC refracrionation must be qualified as bcinf the
concentration of 23T8-HPLC plus bur possible •y^tr^n^H
isomen (set Table IV).

Isomer-«p*cific TCDD analysis data for each of the de-
scribed parncuku samples appear ia Tables IV and V.
Quaatitation of TCDDs was accomplished by averacmc the
observed iespuust at m/« 320.322, and 324 for sflesses ascvpt
wfacrt denoted. InsBumeosal caGbraoce (or sD TCDD Jseman
was based upon the observed responses tar s primary standard
of 2373-TCDD. The listed concentrations for 2378-TCDD
have been corrected for recovery of the iaC-2378-TCDD in-
ternal trsTiHsrd as cms in Table V. Concentrations ffren
for all other TCDD isomen tiprusnt absolute observed
values. The limit of dstecpqp (LoD) far sfl

I

TOfc

n-t

as 2_S x peaJc-to-vaHey noist in s rtfioa nearby the expected
eiution time. Observed eoncaaaatiaas lass than the LoD are
listed at not detected (ND).

i S. ComDnB* STs-TOO fiC-L*MS men cfrematoorarrs
tor tumuium. ny a*n (»l sfter RP->*LC (HP-2378 fracaon) (b) aner
•lei l'f»lC (safea-2371 Meson).

As a meaai of umsncsnar. -it difTM of rtli*buity as»o-
ciaxad witb tht isomcr-«p*e5c dct«raisatian of 2TTS-TCDD
fa « ««t»pU ^»,f«;TWTn «grOTmi«nt mm*iin*nnei of sfl 21 other
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Tabi« III. TCDD laomtr Silica-HPLC Fraeaoiuoon
Seamn* and Specific Retention ladica*

OC
lilies- packed
KPLC Sil collection column

rel RT« too* m RT" ntl RT»TCDD iaomer
Kf-ltol No.

Sil fraction ao. 1
1268/1279-TCDD

1369/1478-TCDD

S3 fraction ao. 2
1269-TCDO
1469-TCDD
1267/1289-TCDD

1 Fraction TCDDa
1.180-1.370

1.238*
1.291
1.220*
1.340*

1.455-1.850

XP-2378
S3 fraction 2378

2378-TCDD
Sil fraction ao. 1

1237/1238-TCDD'

1247/1248-TCOD*

SO fraction oo. 2
1278-TCOD

S3 fraction ao. 3
1246/1249-TCDD
1236/123 9-TCDD

SO fraction ao. 4
1246/1249-TCDD

1.702
1.497
1.623
1.799
Fraction TCDDt

0.950-1.080
1.000

1.080-1.244
1.100
1.128
1.154
1.199

1.244-1.300

a9S6
1.065
0.802
0.907

0.998
0.912
.081

1.200

1.288

1.328
1.336
1.350

1.411

1.300- LJ85

1.385-L4SO

1.006*

0.979
0.990
0.894
0.897

0.893

0.896
1.037
0.969

0.398

***»•. rnua ctromtayrvra

XT-bo No. 2 Fraction TCDD*
SU fraction ao. l'

1368-TCDD 0.940
1379-TCDD 0.977
1378-TCDD 1.000

SO fraction ao. 2'
1234-TCSD U48

0.771
0.888

0.960

tat auapla. Thaat datt fnrfintt that ao other TCDD tsomar
tatartam with tha datanaiaatioa o/ 2378-TCDD whaa this
aaalytiol pneadan i* oatd. Raco**ry nlatt prtn for aU
othar TCDD iaoaxn nptaMot abaolott obaervwd vaJuas aad

' wan onrrxtad to aaturml larab wnaa atcaaaary u listad Sa
Tabta VI

Typical taapcnton pnpamaad GC-LRMS macs dsro-

• SOiea-HPLCr»l XT- ntasttoa tteu nUtrf* to 2378-
TCDD (tO.010). • GC packed eoluata i«J XT • (tameaa
ttmt rtlatrr. to "C-2378-TCDD («0.005V • SM tm for
r»eci»»i7 iaformatioa. * Nacto 2378-TCDD aitttaa
aU«htJy Jatar taaa 1*C-2378-TCDD. • R*U»d iaomat*
typically rrport»d u a total. ' Fraction* typically oom-
ain«d prior to GC-LRMS aaalyaa. • __________

TCDD iacmrrs, «t intantiaaaHy fbrtiflad a awoad pordoa of
muaepaJ iludf* with aacfa TCDD bcmar at tht Invi* thown
fa Taiit VI Ncithar 1237- or 1238-TCDD wai addad dna
to thair aatural prtMaca at 230 pptr (M* Taala V). Aaaiyna
of tht foraStd «ampl« yitldtd tht i»tu»ti/ data ibowa ia
Tahla VI Racvdiac tha 2378-TCDD data, thtamouat &uad
«a* eorreoad for tht nui»«iy of tht aC>2378-TCDD aad abo
for tht 20 pptr aacuraj 237&-TCDD previously oatcrvad ia

appcor fa flfon 6. For th« anaJyrii of eUctrottatieaily
. pneipitatad fly aah tha RP-HPLC HCDDa, HrCDD*. aad
OCDD fraedoai wan cotabin«d prior to GC-LRMS •zami-
aatioB (Mt Fljurt 3e). A»a»««n»ofoT«rcominjprobI«m3
aaaodafad with seoplaa ncvisf rmkrrrtly krye tmousa of
aatrra rhlorfnatad diaxJas oompand to tha 1-20 nj of £onifi*d
fataraal naadarda. a complatt method vmlidatwo Jtudy waa
eaaduetad br HCDDa, BrCDDf. aad dCDD nnging from 50 •

• ppgto 10 pptn (*«/f) aad from 10 pptr to 5 ppb for 23T8-
TCDD. TaaeaatroipaniailauaaBpkaMd waatwadyloaa .
(ofl, to which «M addad -150 *L of Mobila 1 lynthttic enjint
ktbrieaat p«r 20 (, at a aiaaas of taomioc tat total orjmmea
aaataattobtttaraiDuIat*typicalparaeulauo. Thifollowuf
aattvt CDD naadarda w«n oa«d for suepl* forificauon;
23TS-TCDD, 1236TS-HCDD, 123679/123689-HCDD (Su nl
BT L039). 1234678-HrCDD, aad OCDD. Tht muiu of this

Taftl* IV Cnlorinarrd Dioxifl) Ob

CDD.
2378-TCDD * 4 iaomen"
other TCDDi (17 iaomen)
HCDDi* (10 iaomen;
1234679-H.CDD*
1234678-HTCDD«
OCDD«

•erred ia Eaviroameasal Paniculate Sample*
part* per bJHion

ramfent
kUak,a(
ND(0.06)
ND (0.04)
ND(0.18)
ND(0.14)
ND (0.14)
ND(a29)

tadunrva)
duat

NO (14)
200
220

4000

•lectroatatic
fljraah

. . .»
14
11
17
30

muaicipaJ

2.1
14
13

180

European
fiyua

350*
470
870
690

NBS urban
particuiacea

0.12(0.121*
0.16(0.06)
2(2)

16
18

210
• RJ-HPI.C RP-2378 fraction analysed dirtetty by CC-LRitS aad aot iaemcr SMeific u described ia text. * Sarnpit fully

ftaeaoaaud for iaotatrtpceJie ntulu fiwa ia Table V. ' Ob**rr*d TaJuM without eomcaon ruo at part of rtuaacion
wore rcporud ia Tabl* VH. * For "fami" Mpm«r io*eific *•• Tiblt VTH. * "C-23T&-TCDD r»eo»try 78% aad raiu* Usctd
BM ba*n eorrteMd, *•« Table V for otacn. aad ND • compound aot dtc*ct«d at liaut of d«t»cnon ia parcathcaci aod ao

iadieaus d«ue:*d afaal >10x limit of d«c*eaoa.
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Tabie V. Isoiner- Specific TCOO Analyses of Environmental Paniculate

reagent inauiinal
TCOO isomer blank, pf dust

237S-TC33* NO (40) 1100
12S9-TCOO NO (20) NO (40)
1469-TCOO NO (20) NO (50)
1267/12s9-TCDDSa rel RT 1.623 NO (20) NO (30)
1267/12! 9-TCDD Sii rel RT 1.795 NO (20) NO (SO)
1268/ 127 9-TCOOSil rei RT 1.233 NO (30) - • •»
1268/1279-TCDDSil rei RT 1.291 NO (30) NO (50)

Samples
pant p*r

electrostatic
flyata

420 (110)
190 (60)
NO (50)
100 (60)
120 (60)
190 (90)*
310 (90)

trillion
municipal

siuaft
20(2 )

NO (2)
NO (2)
NO (2)
NO (2)

3(3)'

Euro p tin
flyun

2200
1000 (140)

250 (140)
300 (140)
500 (140)

1000e

1500
'1.220

1369/1478-TCDD 53 rel RT 1.340
1278-TCDD
1236/1239-TCDD S3 rel RT 1.336
1256/1239-TCDD SU rel RT 1.350
12:7/123S-TCDD SI rel RT 1.100
1237/123S-TCDD SU rel RT 1.123
1246/1249-TCDD S3 rel RT 1.323
1246/1249-TCDD SU rel RT 1.411
1247/1248-TCDD SU rei RT 1.154
1247/1248-TCDD SU rel RT 1.199
1378-TCDD
1379-TCDD
1368-TCDD
1234-TCDD
total TCDDs •
"C-2378-TCOD flTncoverr

NO (60) NO (40) NO (30)
NO (60) NO (60) 230(110)
NO i60) NO (60) 150(110)

[NO (60) 240 (SOf 720*

} NO (60) NO (60)*

} NO (60) 140 (SO)
NO (20) * 660 (110).

. NO (20) 1340
NO (20) • 2760
NO (20) 130
NO 1340

63% 69%

310 (70)
1370 (150)
1160(150)
1320(150)
S70 (150)
T750
•4%

NO (3)
-K013)-
N0(3)

230*

NO (3)*

6(2)
23(5)
13(5)
13(5)
NO (30)
S10
61%

3100
1500
800 (400)

8500*

2000*
1500

6900

13200
7000
16200
2100
69600
66%

• Cotrected for "C-2378-TCOD recovery sad aD otter iaoners are absolute observed. ' • • • • not recovered at described
la text. • Obeerred bos reiorety quemonible. * Detected on **/§ 322 only. • Poeable iaomer interference as described
iatext.

• Table 71. Xeamer-SpeciCe TCOO AaalyM of Uaaicipai Sladfe aftar Fontfleatioa
eeaeaiapptr

. TCBO
2376-TCOD
1269-TCOD
1469-TCDD
1265^1289-TCDD SB Ml RT 1.623
1267/1289-TCDD S3 rel RT 1.795
1268/1279-TCOD S3 rei RT 1.238
1268/1279-TCDD S3 rei RT L291

•• 1369/1478-TCDD S3 rel RT 1.220
1369/1478-TCDD S3 rel RT 1.340
1278-TCDO
1236/1239-TCOD S3 rel RT 1.356
1236/1239-TCDD S3 rel RT 1.350
1237/1238-TCDD S3 rel RT 1.100
1237/123S-TCDO S3 rel RT 1.128
1246/124 9-TCDD S3 rel RT 1.323
1246/1249-TCDD S3 rel RT 1.411
1247/1248-TCDD S3 rel RT 1.154
1247/1248-TCDD SU rel RT 1.199
irr8-TCDO
1379-TCDD
1368-TCDD
1234-TCDD

• Corrected for reco««rr of "C-237S-TCOD (72%) and native
absolute observed. ' • • • • not recovered a* described ia text.
Tabie V. • Absolute amount observed ie diis sample. • Total

added
143
ISO
166
ISO
171
137
140
143
181
160
147
146

}'

1S1
131
163
171
171
101
143

found
140
108
122
126
148
• * ••

69
• • • "*
• * •

104
103
•0

(180)'

J220*

}203*

181
138
48
122

68«
72
73
84
85

49

65
70
68

78

69

88
81
45
85

2378-TCDD present |iv«n in Table V, ill other isomers art
* Total not added. Hiffl oatii* concentration fiven in

•tudy appear a Table VTJ. These data indicate that the
•"•raft ncovthaa of HCDDt, HiGDOS, and OCDD over the
described eoaannrnoona nafe are naMBabiy eonsunt and
art between 70 and 80%. Because typical paniculate samples
contain higher chlorinated CDDi whhia thii ranft. recovery
faeton darived from the validation can be used. Since aC-

labeled imer&al nandarda are added to aH jaapies. whesever
very low .native conctnsranons art observed appropriate
correction factors can be applied. Note that recovery values
reported for TCDD have been corrected for the observed
aC-23T8-7CDD internal standard ncovthaa aftar RP-HP1C
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23TS-TCDD*
sample

ao.
1
2
Z
4
5
6
7
1
9
10
11
12
13
14
15
JraJJ*
• all'
i-pnc-
• pne*

• Data

aodtd.
pptr

10
20
20
SO
SO
SO
SO
SO
90
SO
80

100
100

6000
SOOO

60

found.
pptr
' 13

23
21
49
45
81
S3
SOso
47
82
97

109
6350
8400

49.6
2,6

*
130
140
105
96
90

102
106
100
100
94

104
97

109
107
108
106
13
99.2
8.2

for ail species obtained
"C- 2378-TCDD
average neovery
pnc aad

internal
was 59.

HCDD
added.
pptr
SO

100
100
250
250
250
250
250
250
250
250
800
SOO
IX 10*
IX 10- '

250

found.
pptr

30
72
87

160
180
170 '
170
190
160
180
170
410
440
6.1 x 10'
9.1 x 10'

173
10.4

adata,
* pptr
60 50
72 100
87 100
64 250
72 250
68 250
66 250
76 250
64 250 '
72 250
68 250
82 SOO
66 SOO
87 8 x 10*
91 8 x 10*
?3
10
•9 280
6.0

by CC-LXM5 analysis of appropriate RP
standard neovery.
8% for ail samples.

Sandy Lovn SoU*
H.CDD

found,
pptr

46
73
65

170 i
200
200
170
210
160
180
160
430
460
4.5 x 10*
4.7 X 10*

161
19.6

ft
92
75
65
68
80
60
68
84
64
72
64
66
92
90
94
78
11
72
10.6

•WLC friction*. 23

aeutc.
ppir
200
400
400

1000
1000
1000
1000
1000
1000
1000
1000
2000
2000
10 x 10*
10 x 10*

1000

T8-TCDD
other CDDs an absolute observed. * Corrected for "C-237
•fall and• all npnseat the seen aadstandard deviation

OC3D
fauna.

pptr
160
3:0
260
730
820
780
720
860
700
690
690

1900
2060
8.4 x 10*
9.0 x 10*

751
69.4

%
80
63
65
73
82
7S
72
63
70
69

95
103
84
90
60
11
75

9.2
values corrected for
8-TCDD when
of all samples. **

• pnc npnseat the mean aad standard deviation of camples 4-11 to determine precision of the analysis.

reef tat black European flyaaa

Table VUL "Semi" IsoaMr-SpeaOe BCDO Analysis Data for European rlyasa. Absolute Values Reported
______parts per bfflioB

HCDD learner* . •
124679/U4689-HCDD S3 nl RT 0.998
124679/124689-HCDD S3 nl RT 0.972
123488-HCDD
123679/123689-HCDD SS n! RT 0.970
123679/123689-HCDD S3 nl RT 1.039
133469-HCDD
123478-HCDD
123678/123789-HCDD SO nl RT 0.974
123678/123789-HCDD Sam RT 1.060
123467-HCDD

KD(0.13)

M0«

110*

M(9)«

• HCOD Sil ni RT • rtttatioa tin* nUtrn to 2378-TCDD by a2ie»-HPLC (Taate II). * KD (0.13) ii oot deuetcd vita
limit of dtaeaoa ia ppb baaed oa flyaaa aaaipl* •>•. * Total

G-C-LRMS aaalysii dau tor hifhtr ehlorinattd CDDi ap-
pear ID Table* IV aod Vd Table vm iHunratw a format
for HCDD dctarmination chat i* "MmT-aoaiir specific. IB
thii ease, the tool RP-HCDDi frmcrion «M analyied directly
by packed-column GC-LRM& Howrrer, baeaute GC rtl RT>
have been experimentally dattrained (act Tablt U) for aj]
10 individual HCDD tsomaa, we esa wparau the HCDDt
observed into five distiaet groupa. Within each poup only
4 limited number of isoman are potaibk. Thaee anaJy»e» are
tccompliahed by osiac isothermal «*in»»i eoadidon (—270
*O ao ta to
to improve relative retention time measurement*.

CONCLUSIONS
Although this paper demonstrates the applicability of a

multiple-sup procedure to itomer-tpecifiaUly determine a

also applied the technique to many other matrices successfully.

permitted the analysis of tissue*, human milk, vegetable
matter. ffirrBJni products, tad wastes without stciSciai hit"
sensitivity or isomer specificity. This procedure, utiliang
packed -column GC-LRMS, has provided reliable results for

of a leas aopbistictttd eltaaup followed by both packed and
eapulary column GC-HR MS has faued, btarestad individuals '
Bay request a more thorough discussion of the method de-
velopment experiments from the authors.
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Secondary Ion Mass Spectra of Djquaternary Ammonium Salts

Timothy M. ftyan, Kotert X Day. and R. Graham Cooks*
fifOut UH»tnty. Wttt Utofwam. teatum 47*07

o9caflona •nM d̂ by inonMrthn \
ara o6«arv«d la •airotiriary ton man apaetra (SUMS) af ol-
ojuaiamafy ammoitium aatta, Tha falaUonahh bal»aaa ma-
laGitfar dnic'sva and 0M obaanaoon af
Laroabrtarc

or pUtfanm prior to SIMS •nalTiii auac s»ioa priauir Joai «t
| lav and OJHL5 aA pnaury ion aamnt. B««m di*m«t«r WM

1 sam sad piaMuiai IB tba ote«-hi«b-Tmenum

kameteeular cautonbte rapulalona, art ebiarvad to corfalata
••̂ •BM Mm •itna« j*̂ ht«k«^AjBflBwnn oicjuon ovivcoon*

An
id

l>uln ii i i inri in attetrocia.

taktB with Ribcr SIMS syiua
ilysar. Quaaaitna «l»cson multiplier, end

abMrvaUen ofttia dteatfon. Baetron attaehmanl ta yWd ttw
monoeatton to an aMamatlva to dteatton mitoilon vhan'ttw

atton tacttataa laducflan* into OCCUFK* far

aharn Infsltrsrinn oa BtOoen ww aaaumtd tad the miTimimi
i m tha onetraiaed molecule fa reported.

axafnBtot for tfia hajMolda olojual (ff^r'
wMcn to aatadad as Rs

apaetra of dtojuatarnariaa can a* lakan wtth naneeram
aamplaa.

Secondary ioo mass spearomtoy (SIMS) has reeandy beta
shown to be a saasitrft method for tht charaatrizatioB of
ocpnie salts W-4). Reported ban is tht ohstnaaon of mtaet

Bitttd from diQustarasry gxoBonium salts
eoastitutas tht first obatrratioa of
: molecular ions m SIMS. Tht result

BEST7LTS AND DISCUSSION '
Tht SIMS spectrum of fty-bis(dimttbyr>-4.4'-tri-

j| showB m Fl(urt 1. This
syatmjoj proridaa both At mnltnilir »«i«nt (is/trrtd from
tht hiEhtn mass doubly ehsrnd ion. 268**) sad structural

tht oompousd> Eoissioa of ^^» doubly

upon sputuriaf.
Bultiply i rpaorpniem

is of interest with retard to both analytical applieaooas of
SIMS sad tat ftindsmtnTals of irniirarion duriat sputurmy.
Specifically, some binlnyirsDy faponaat compounds, such as
tfaat batrblcidM PaUaftflUaU tft^J dJOtlatt ttttal ta^at CW9 efaatkaalOÎ JL

have tht dtquattrnary smiaun, so that SIMS may faetitaia

nfleet tht decree to which tlteaon saschmtm occun duriaf
aputttrinf. This procass yields obttrvaalt cbarxed produea
for dlcaooas. but atuosis an sputtered whan monoeatioas
an reduced durinf ion bombardment.

»1

.'EHTMENTAL SECTION
AH eompousdi w«n lynthatixid by gsiaf nsadard Hrtthtub

saiti van buraiiatd ooto • 1 oa: nucbMwd foil af tdaar sihr«

ehsrpd sptcits is eeafirmtd by tht obstmtioo of tat
•Ktopt paak OBt-half msv unit show tht dietdoa peak (m/i
ISO m Eifun 2). rtum^hiy tha counurion dots not sfite:
tht SIMS spam urn: for oarnplt. tht dibromidt sad diiodidt
of eompound 1 fart idtnrical SIMS sptcm.

AnalofDui naults win obtainad for ^.V'-bU(ethyl-
BtthyD<4'-tEiutbyit8td2piptria)nt diiodidt (2) sad for tht
aromatic compounds tfj/ '-bis(traatthyl)-4.4'.mttayltnedi-
aailint diiodidt (3) sad //JV'.bis(dimtthyltthyl)-4.4'-
aMthyitBtdisaumt diiodidt (4). Tht sptcsum of eompound
I to shown m Fifun 3; tht dicmtion. 284** at m/i 142 is of
rtJAOvvly low tbuadsaet, but its °C isowpt is well resoivtd

A eoBsidtrsbla number of diouattraary salts (5-19. Tablt
D did sot exhibit obstr«abk dicsrioni Compouads 18 and
18. whflt thty did not yitld moltcular (iSrsrimi, did show tht
eomspoadiaf smtiy eharnd ioas m thtir SIMS specs*.
Compound* 5-17 may £au to exhibit dicarion* btcauat thty
frafment by a fsvonblt chsrn stpanooa rout*. M7* — MI*
+ M.*. This is mdicsrtd by tht absence of both singly and
doubly eharftd molecular ions for these staples.



temperature of the water bath to 83 to 90"C. Concentrate the
extract as in section 11.2.6 except use hexane to prewet the
column. Remove the Snyder column and rinse the flask and Its
lower joint into the concentrator tube with 1 to 2 mL of
bexane. •

11.2.8 Add a clean boiling chip to the concentrator tube and attach a
two-ball aicro-Soyder column. Prewet the column by adding
about 1 mL of hexane to the top. Place the micro-K-D
apparatus en the water bath so that the—concentrator tube is
partially immersed ia the bet water. Adjuat the vertical
position of the apparitus aad the water temperature as
required to complete the concentration in 3 to 10 minutes.
At the proper rate of distillation the balls of the column
will actively chatter but the chambers will not flood. When
the appareat volume of the liquid reaches about 0.5 mL,
remove the. K-0 apparatus aad allow it to drain and cool for
at least 10 minutes. Remove the micro-Snyder column and
rinse its lower joint into the concentrator tube with 0.2 nL
hexane. Proceed to section 11.3.2. If further processing
is to be delayed, the extract should be quantitatively
transfered to a Teflon sealed screw-cap vial and store
refrigerated aad protected from light.

11.2.9 Pill the sample bottle with water to the mark and measure the
volume to the nearest 10 mL ia a 1 L graduated cylinder.

11.3 Column Chroaatograph

11.3.1 Column Preparation

11.3.1.1 Column 1: Place 1.0 g of silica gel late a 1 cm x
20 cm column aad tap the column geatly to settle
the silica gel. Add 2 g sodium hydroxide-impregnated
silica gel, 1 g silica gel, 4.0 4 of sulfuric acid-
impregnated silica gel, aad 2 g silica gel. Tap
column geatly after each addition.

•

11.3.1.2 Column 2: Place 6.0 g ef alumina late a 1 cm x 30
em column and tap th* column geatly to settle the
alumina. Add a 1-cm layer of purified sodium
sulfate to th* top ef th* alumina.

11.3.1.3 Add b«xan* to *ach column until th* packing ii free
of channels aad air bubbles. A small positive
pressure (5 psl) ef clean nitrogen can be used if
needed.

11.3.2 Quantitatively transfer the bexane sample extract from Mi-
coacentrstor tube to the top of th* silica gel ia Column 1.
Rinse the concentrator tub* with two 0.5 mL portions el
hexane; transfer rinses to Column 1.
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11.3.3 Vith 90 mL of hexane, elute the extract from Column 1 directly
into Column 2 containing alumina and sodium sulfate.

11.3.4 Add 20 mL of hexana to Column 2 and alute until the hexane
leval ia just below the top of the sodium sulfate; discard the
eluted hexana. t

11.3.3 Add 20 mL of 20Z methylene chloride/801 hexane (volume/volume)
to Column 2 and collect the eluate.

11.3.6 tmduce the volume of the eluate with a gentle stream of
filtered dry nitrogen.. Whan the volume of the eluata is about
1 to 2 mL, transfer the eluate to the Carbopack column
(Section 11.4.4). Rinse the eluata container with two O.S
mL portions of hexane; transfer the rinses to the Carbopack
column. CAUTION: Do not evaporate the sample extract to
dryness. MOTE: The carbopack cleanup is not required for
water samples unless needed to meet detection sensitivity
criteria.

11.4 Carbopack Column Chromatography Procedure

11.4.1 Thoroughly mix 3.6 g of Carbopack C (or equivalent) with
16.4 g of Celite 545 (or equivalent) in a 40 mL vial and
activate by heating in an oven at 130"C for 6 hours.
Store in a desiccator. CAUTION: Check each new batch of
mixed Carbopack/Cellta to ensure TCDD recovery of >50Z.
Subject the low level concentration calibration solution to
this procedure and measure the quantity of labeled and
unlabeled 2,3,7,8-TCDD.

11.4.2 Insert a small plug of glass wool into a disposable
pipet approximately IS cm long by 7 mm O.D. Apply
suction with a vacuum aspirator attached to the pointed
•nd of the pipet, and add the Carbopack/Celite mixture
until a 2 cm packing la obtained.

11.4.3 Pre-elute the column with:

11.4.3.1 2 mL toluene

11.4.3.2 1 mL of mixture of 73Z (by volume) methylene
chloride, 20Z methanol and SZ benzene

11.4.3.3 1 mL of SOZ (by volume) cyclohexane and 50Z
methylene chloride

11.4.3.4 2 mL of hexane

11.4.4 While the column ia still wet with hexane edd the sample
extract from section 11.2.6. Hut a the column with tt>*
following sequence of aolventa and discard tha eluates.
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11.4.4.1 2 aL bexane

11.4.4.2 1 aL of SOZ (by voluae) cyclohexane and SOZ aethvltne
chloride

11.4.4.3 1 aL of 7SZ (by voluae) aetbylene chloride, 20Z
aethaaol and 5Z benzene

11.4.5 Cute with 2 aL of toluene aad collect the elutate, which
contains the TCDO. Tranafer the rinses to a 1-aL aaber aini-

. ———aial with conical reservoir with further concentration as
aecessary. CAUTION: Do not evaporate the aaaple extract to
dryness.

11.3.6 Store the aaaple extract in the dark at 4*C until just before
CC/MS aaalysia.

11.5 CC/MS Analyaia

11.5.1 Keaove the aaaple extract or blank froa storage and allow it
to wara to aablent laboratory teaperature. Vith a atreaa of
dry, filtered nitrogen, reduce the extreet/blank voluae to
near dryneaa. laaediately before CC/MS analysis, add 5 uL of
the 10 ng/uL recovery standard eolation and adjuat the extract
or blank voluae to SO uL with iaooctaae.

11.5.2 Inject a 2-uL aliquot of the extract into the CC, operated
aader conditlona previously oaed (Section 9) to produce
acceptable results with the perforaance check solution.

11.5.3 Acquire aaaa spectral data for the following aelected
characteristic ions: a/s 259, 320, aad 322 for unlabeled
2,3.7,8-TCDD: •/* 328 for 37C14-2,3.Z,8-TCDO; and a/a 332
aad 334 for 13C12-2,3,7,S-TC80 aad I3C.2-l.2,3,4-
TCDO. Use the aaae data acquisition tiae and MS operating
eoadltioaa previoualy need (Section 9.2.6) to deteralne
response feetora.

11.6 Identification Criteria. WOTtt Infer to Exhibit I, Section 7. for
application of identification criteria.

11.6.1 Betention tiae (at aaxlaua peak height) of the aaaple coa-
poaent auat be within 3 eecoada of the reteatioa tiae of
the 13Ci2~2,3,7,f-TCDD. lateatiea tlaes are required for
all chroaatograaa, but acaa nuabera are optional. These
paraaetera should be printed next to the appropriate peak.

11.6.2 The Integrated ion currents detected for a/a 239, 320, »no
322 auat aaxlaise slaultaaeoualy. If there are peaks chit
will affect the aaxlalzatlon or quantitation of peaks of
interest, atteapta should be aade to narrow the ecan window
to eliainate the interfering peaks. This should be reported
on a aeperate chroaatograa.
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11.6.3 The iategrated ioa curreat for each analyte and surrogate
compound loo (•/< 239, 320, 322 and 328) amat be «c leaat 2.3
tlaea background noli* and aniat aoc havt saturated eha
detector; lactmal standard lona (m/x 332 and 334) aniat be ac
laasc 10 tiaes background aolse and aust aoc hav« saeuraced
Ch« dacactor. ,

11.6.4 Abuadaaea of iategrated lea counts dadcttd for «/z 320 must
ba >67Z aad <90Z of integrated iee count* dataecad for «/z
3227 ~

11.6.5 Abundance of latafracad-ion eeahea datactad for •/« 332 auit
b« >67Z aad <90Z of iacafracad ioa counta daeactad for «/z
3347

11.6.6 Tha racovary of tha iatarnal ataadard l3CI2-2,3,7t8-TCDD should
ba within a 40 parcant to 120 parcanc rtcovtry window. Thit
ia an adviaory limit only, aa action window may ba aat when
aufficiant data ia available.

12. CALCULATIONS

12.1 Concentration

12.1.1 Calculate tha concentration of 2,3,7,8-TCDD uaing tha formula:

A,

tra . v
where Cg • 2t3t7,8'TCDD coaeaatratioa in uf/kg or ug/L

AX • • tha atn of integrated ion abundance
detected for «/x 320 aad 322

• the ata of integrated ioa abundance*
detected for •/« 332 and 334
(charactariatic iona of
I3Ci2-2,3,7,8-TCDD, the iaternal
ataaJard)lard)

• quantity (ia ag) of I3Cl2-2,3,7,8-TCDD added
to the aaaple before eztractioa

• calculated Man reapoaae factor for
ibeled 2,3,7,8-TCDD relative to

V • weight (ia g) of wet aoil or sediment snrle
or volume of water extracted (ia mL).
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12.1.2 If the calculated concentration of unlabeled 2,3,7,8-TCDD
exceeds 100 ag/kg for soil/sediaent or 1 ug/t for water, which
. ia the aaxiaua concentration of ch« concentration calibration
aolutioas, tba liaaar raogt aay have been exceeded, and a
•aialler aliquot of that »a»plt Bust b« analyzed. Accurately
weigh to throa aigvificaat figures a 1-g aliquot of ch* u«c
aoil/sediaeat or aeasure a 100 aL aliquot of wattr. Add the
l.S aL aeatoaa dilutioa of 100 uL of tha saaple fortification
•olutioa (Saetioa 7.8), Juat a« far tha larger saaple aliquot.
Extract and analyse.
12.1.3 Calculate tha •concentration of tha internal standard

C|2-2,3,7t8-TCDD using tba formula:

*is

where

C.. • concentration of Ĉ12-2,3,7,8-TCDD in ug/kg
or

*ls " sua of integrated ion abundances for a/z
332 and 334 for I3C12-2,3,7,8-TCDD

ATS • sua of integrated. ion abundances for a/z
332 and 334 for 13C12-1,2,3,4-TCDD

Qrs • quantity (ia eg) of 13C,2-1,2,3,4-TCDD added
to tha saaple before injection

• calculated aaaa response factor for C12-
1,2,3,4-TCDO

V • vaight (ia g) ef vat soil or sadiaeot
aasjDla or volusja of water extracted (in
aL).

12.2 Catiaated Itaxiaua Possible Concentration — For saaples ia which no
ualabalad 2,3,7,8-TCDD was detected, calculate tha estiaated
aaxiaua possible coocantratioa, which ia tha concentration required
to produce a signal with peak height of 2.3 tiaws the backgroi-n4
signal level. .Tha background level is determined by aeasuriag cne
range of tha noise (aiaiswa to aaxiaua) for either a/z 320 or 122
ia the appropriate region of tha SXCP (as defined in section !•
3.11), aultiplying that aoise height by 2.5. and relating the
product height to aa estiaated concentration that would product
that product height.

Use the foraula:



2.3
. tt

where MFC - estimated maximum possible concentration of unlabcled
2,3,7,8-TCDD required Co product AX in u|/kg or ug/L

AK . pc*k half he for cither m/t 320 or 322 vlchin * 5
. . _____ _. . .scant of the iateraal standard peak used to Mature

*lt • peak height of the appropriate ion characteristic of
the internal standard, m/t 332 vhen m/s 320 it utcd
to determine A,, and m/x 334 vhen m/x 322 is used
to determine A*

, IF and V retain the definitions previously stated in
Section 12.1.1

12. 4 The relative percent difference (K?D) is calculated as follows:
(See Section 3.1.1, Exhibit E.)

RPD - «i - 82 | x 100 • | $1 S2 | x 100

Mean Concentration 'l + '2

2

Si and $2 represent sample and duplicate sample results.

12.6 Percent Recovery of 2,3,7,8-TCDD in spiked field blanks •

concentration found
100

concentration added
J A « _. •_ —. % .»̂ _.̂ J_.̂ j • A J« .

•1212.7 Percent lecovery of internal standard,'̂ C12-2,3,7,8-TCDO •

concentration found
————————————— , 100
concentration added

12.8 Standard deviation • S •
• - 1

12.9 Percent relative standard deviation •

Standard Deviation S
————————————— * 100 • - s 100

Mean Z
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APPENDIX IV

t
Tetra-Octa CDO/COF Scan Quant1tat1on Protocol and Analytical Standards

-' Minimal Requirements for Bidders

Analytical Standards

- 2378 TCDD, 13C12, 37C14

- 2378 TCDF
- Mixture of TCOO Isomers to verify column resolution *

- OCDO, 13C12-OCOD '

- Mix of Penta CDD/CDF,. Htxa CDO/COF, Hepta COD/COF to establish
RT wi/idows for spiking. Co»j+i»x*;<4«L&AL.t>c»f>»*& KU.V*- bt c*v**».A TZT

O
Quantitation

Quantitate TCDO, TCDF, Penta COD. Penta CDF, Hexa COO, Hexa CDF

against 13C12-2378-TCDD
(Quantitate TCOF, Penta COF, and Hexa CDF against I3C12-TCDF,

Quantitate Hepta COD, Hepta COF, OCOO, OCOF against 13C12-OCDO

Qualify data as "estimated" concentrations with tentative identifications unless
you have access to pure Isomer standards (i.e., all 38 TCOF Isomers, etc.)

* Column resolution should meet Dioxin IFB WAO<-AOOg criteria i.e. 251
valley* or lower between 2,3,7,8-TCDO and it's nearest neighbor 1n SIC
display (Appendix VII).

I
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APPENDIX V
DELIVERABLE; REQUIRED FOR K/MS DIOXIN/FURAN ANALYSIS

A. SAMPLE PREPAireTIPM UNO METHOD DOCUMENTATION

(1) "Cookbook" style step-by-step mtthod Including Instrument/condi-
tions, type and source of reagents.

* .
(2) Analyst btnch records describing dilutions, weighings and any

unusual occurrences during prep, extraction or clean up.
(3) Calculations and method used 1n determination of percent Hpids

and percent -'solids (where applicable).
B. DIOXIN/FURAN OUANTITATION AND IOEKTIFI CATION DOCUMENTATION

(1) Detailed explanation of the quantisation and Identification proce-
dure used for all Isomer classes and specific Isomers.• ' . ' • • • .

(2) List of criteria for positive Identification of 2,3,7,8-TCDO
and 2.3,7.8-TCDF.

'• (3) Example calculations of response ratios, sample results and detection
. Halts.

(4) Simultaneous display/offset SICs and peak areas of native,
and 37Cl4-2,3,7,8-TCDD 1n all samples and QC, Including blanks.

(5) Simultaneous display/offset SICs and peak areas of Ions monitored
for each PCDD/PCDF class.

' (7) List of exact 1on masses for tach Isomer/class, current and
historical response factors and retention times for positive ID.

(8) Simultaneous display/offset SICs to check for polychlorinated
dl phenyl ethers which may co-el ute with the furans.

(9) Simultaneous display/ off set SICs of M/Z 257, 259 1n samples with
positive 2. 3, 7, 8-TCOD content.

(10) Simultaneous display/offset SICs and peak areas of Ions monitored,
for all standards used, for each PCOO/PCDF class. Include a
listing of response ratios, 1on ratios and amount of each standard
used. ' •••

(lA C \



APPENDIX VI

CASE I
PCDD/PCDF Concentration PPT) as Dry Weight

IS (MR
OR

IIOflOLOG
2.3,7.8-TCDF
37Cl-$.3.7,8-TCDF
I Recovery

ng37Cl-2.3.7,8-TCDF
Added

Total TCDFs
Total Pent a CPFs
Total llexa CDFs
Total Mepta COFs
OCDF

2,3,7,8-̂ 1)1)37cl-$.3,7,B-TCOD
% Recovery

ng37CI-2.3,7.8-TCni)
Added

Tdtal Tetra CDDs
Total Penta cnns
124679 A 124689
•ificnn

123679 1 123609
HfiCnn

123469 llfiCDO
123470 llfiCRD
123R78 iî cnn
123467 ft 123789
iificnn

Tgtai HfiConsJ7ci-i234;n n7cnn
% Recovery

ng3/Cl-123j47B
ll7CI)0 Added
1234679 Î CDd
123467() ll;Cnn
TOTAL ll;Cnn
nnm
3/CI-ncnn XRecovery
ng3/CI-OCnn Added

DATE: (ALIQUOT MT.
1 (g)

Sainp.1

DATE: ALIQUOT WT.
(9)

Samp.f
PRECISION A!

RPD

•

•

pRfcmof
LIMITS

COMMENTS

•

*

•

•

*

•

•

.

.*

.

t

• "
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Figure 3. Selected Ion current* profile for •/• 320 and 322 produced by MS analysis of performance check
solution using a 50-a) CP-SIL 88 fused silica capillary colnm and comlltlona Hated In Table I.



r
U.S. Environmental Protection Agency
CLP Sample Management Office
P. 0. Box 818. Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SAS Number

SPECIAL ANALYTICAL SERVICES
Client Request

Regional Transmlttal Telephone Request

A. EPA Region/Client: EPA Region V______________

B. RSCC Representative; •**" Pels_____________________
C. Telephone Number: 312/ 353-2720____________

D. Date of Request: ________________________

E. Site Name: Skinner Landfill - West Chester, Ohio

WW Engineering fj Science

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability
your request, please address the following considerations, If applicable. Incomplete or
erroneous Information may result 1n delay 1n the processing of your request. Please contim
response on additional sheets, or attach supplementary Information as needed.
1. General description of analytical service requested: 2, 5. 7, 8 specific tetra-

chlorinated dibenzodioxin and dibenzofuran, total tetra through octa polychlorinated

dibenzodioxins and dibenzofurans, and percent moisture.

2. Definition _md number of work units-Involved (specify whether whole samples or
fractions; whether organlcs or Inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):
_____31 low to medium hazard soil samples containing low levels of dioxins and

furans.________________________________________ .________________

Includes duplicates and blanks.

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):

Superfund - Remedial Action



r
- 2 -

4. Estimated date(s) of collection:______
5. Estimated date(s) and method of shipment: D&i^ ̂  overnight carrier.__________

6. Number of days analysis and data required after laboratory receipt of samples:
Laboratory should report results within 45 days.

7. Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):
Extraction: Benzene soxhlet as described in Anal. Chem, 1980, 52, 2045-2054 (Appen-

dix I). Clean-up: HPLC/RPHPLC as described in above reference or Dioxin IFB______

WA-86K357 options including carbon column cleanup as needed to meet surrogate percent

recovery limits (Appendix II). Instrument: Use HRMS or LRMS to meet target_____'

detection limits.

8. Special technical Instruction (1f outside protocol requirements, specify compound
names, CAS numbers, detection Units, etc.):________________________
1) Determine and report percent moisture (use CLP IFB protocol - Appendix III)._____

2) Report all data on dry weight b'asis.__________________________________

3) Stir soil samples for 30 seconds before removing aliquot.__________________

4) Quantitation and standards requirements (Appendix IV) .________________________

5) MUST monitor for the masses of the polychlorinated diphenyl ether interferences

in all furan isomer groups.________________________________________

9. Analytical results required (1f known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc;). If not completed, format of results will be
left' to program discretion.

Appendix V for deliverables.__________________________________________

Appendix VI for suggested data report format._____________________________

jtemember to report percent moisture._______________________

10. Other (use additional sheets or attach supplementary Information, as needed):
DO NOT SUBCONTRACT WITHOW PRIOR REGIONAL APPROVAL.

11. Name of sampl ing/shipping contact; Bob philliPs_______________________
pnone: 616/ 942-9600 EXT 263



I. DATA REQUIREMENTS

3.

Parameter:

2378 - TCDD/TCDF

Total TCDD/TCDF

Total Penta CDD/CDF

Total Hexa CDD/CDF

Total Hepta CDD/CDF

OCDD/OCDF

Detection Limit

s ppt
5 ppt

20 ppt

20 ppt

20 ppt

50 ppt

Precision Desired
l+S or Cone.)

II. QC REQUIREMENTS

Audits Required Frequency of Audits Limits* (I or Cone.)

Method Blank

In-Lab Matrix Spike

Matrix Spike Duplicate

Surrogate Spikes

1 per 20 SPLS or set

in every sample

less than Target D.L
x

see attachment____

see attachment

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED;

i) 'FOLLOW PROCEDURES SPECIFIED IN DIOXIN IFB WA-86K357 (Appendix ii)
2) Call Region V if problem persists. Jan Pels 312/ 353-2720 or

Chuck Elly 312/ 353-9087

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any question
or need any assistance, please call the Sample Management Office.
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11. Surrogate, Duplicate and Matrix Spike Limits _ .s_

A. In Laboratbry'Matrlx; Spike *"~"X"*: - '" ~~"~-.""'''

Recovery
'Comoound Level Limits

' 2378-TCOO ' < 50 ppt 7 0 - 1 3 0 %
2378-TCDF 7 50 ppt 70 - 130*

Penta CDD/CDF 7 200 ppt * 40 - 1605
Hexa CDD/CDF 7 200 ppt * 40 - 1601

Hepta CDD/CDF ' 7 200 ppt * 40 - 1605 •
OCDD/OCDF ' • 7 500 ppt ;* 40-1605

* At least one Isomer from each of these classes should be used 1n the spike
solution.

B. Surrogate Spikes (required 1n eyery sample)

Recovery
Surrogate Level * • • Limits

5 ng 50 - 1155

5 ng 50 - 1155

or 13C<£K?CDD 10 - 20 ng ' 40 - 1105

"Added to lOg sample

C. In Matrix Spike Duplicate

Class . RPD Limit

2378- TCDD/TCDF < 305 RPD
Penta CDD/CDF ' 7 605 RPD
Hexa CDD/CDF 7 605 RPO

. Hepta CDD/CDF 7 605 RPO
OCDO/OCDF 7 305 RPD



Anal Own. ISM. 52. 204&-JOS4 3045 ;
Determination of Teira-, Hexa-, Hepta-, and
Octachlorodibenzo-p-dioxin Isomers in Particulate Samples at
Parts per Trillion Levels
i_ L. LamparsW and T. J. Naslrlck

f aoratortM. 574 SuJOmg. Oaur Chemfe*/ U-S-A.

An analytical procedure Is presented which permfts fee ho-
mer-specific determination of tetra-, hex*-, hopta-, and octa-
chlorodlbenxo-i-aloxlns simultaneously at parts par MBon
concentrations. Typical data are presented to eaUs9sh Ba
appncabW, or a *.ri«y oram*o*r«nto,
Thosaeol a h^ specMc sample clean** procedure based

Uch&n 4IS40

weight, the mount of 1M aqueous sodium hydrexidt mceaury^
to yWd a resgent saBtaJamg 23% by weicht is added ia • lupwiie
Jtotuoa with shaldag to produce a uniformly coated. Irw-Qowicj

en multiple ehramatographiea to ahewn to
mer-*pec2flc determination «f 24,?,S-letrachler«dIb«nze-̂ -
dlesin (2378-TCOO) by pacfced-catumni e*s ehromatogra-
ghy-tew«re«okjlien maat ipectiumefry to the pretence of any
or all other TCOD toemen.

Tht detenoiaatioa of parts per triXBoo Qff0 j/f. pptr)
caactntettioei of chrmicil reiiduoi ceaaaDy reyiiroi the UM
nf either bjjUy teleetive Maple purification procedures
mnd/or very specific detecton (2.2). A* detection Bate an
lowered, the sssber of pe*iJble luUtfeieucee pneeat at
«ifnifleant eemceatrttioBf i&crea>ea dnmaticaOy C3). Don-
aJdaoa («7 has lunoJcced that erery kao*a oriaaic ***~t*-1

could bo dtucted is water at a le~! of KT» i/f or bicker.
Similarly, eoacideriaf as aaajjvit at the iOpptr oaBeeatratio
]ev« is a amaple matrix that a 993% pa*, i&torl a «• I
as maay as 10* compound* at eaDeeBttmttoat Vf ti
than the eompoaeat of intaroat an poittbla.- NataraDy the

ther thurthi lieaddition of interfej
satriz "" nuke ****• task fonsldabla. I
of laboratory reagents by a Bflititude of i
reported (5-JS). Indeed, mecoe cases, the «sn&olHng factor
in determining the Emit of detection (LoD) far a given easlysis
is not the instrumental sensitivity of the detector but the
apparent response observed IB reagent blanks (20-22).

This paper reports the development of an analytical pro-
cedure which permits the isomer-snedflc determination of
2378-TCDD st low paro per triffion ceweatrstioas. even in
matrices that have been intentionally fortified wish equivalent
anouats of each of the other 21 TCDD
chlorinated d??^iTTf indudioc hezacblorodibej

Sfcher

(HCDDs, 10 possible issaen). bept
(HTCDDi, 2 possible isoaurs). aad octacblorodibeBV^dioxsi
(OCDD), can also be deunaoMd at Jew pans per effion levels
by using this technique. In regards to the bomer-tpeeifle
determination of 2378-TCDC, the other 21 TCDD •oaers
may also be considered as possible interferences. Several
publieaoo&i have reandy sppeered which demonstrate CPD
•determination cspebQitiei but do not provide camplete TCDD
.'• omer specificity (23-32).

EXPERIMENTAL SECTION
Keeccnu. lit prepentioa of 44% coocuioalcd tulfurie acid

an liiia. 10% iSver aitnu OB iffics. beak •lumiaa, sad purified
nitro|ta CFtsitojM) have been described U).

Silica. ThitidsoAeBtspreperedtoachroaelapapakpadt
silicic teui ss dttcribtd far the piesaratioa of 44% sairuric acid
oa sHics (I).

C% 1 M Sodium Hydros** ea Silica. Tbe sOice eapport
b pf*pared ss d«ecrib*d (7). Activeted itlice is weighed^ IBM sa
appropriately sized (lu* bottle. Oa the basis of the rapport

AgNO»r^H)sn ACS nagsat grade. These asiensissn tatted
by sabjeeting them to the aaslyticel procedure to verify the
absence of contesssstioa SpecBopbotomttric grsde Coid-Ubcl
a-bsrsdeftns was obtained from Aldricb Chemical Co. (M3-
wsulMt,WT) sad WM purified brpaauct through b< '

Fyrex glass wool. sOics **^Tn>i ffntt, sad
M pipettes an cleaned before we, G!sm wool sad bo!Ii&g

i are SoshUt enacted —1 h eonsecutivtly with tht (bDowing
solvent!: methane!, chloroform 4- benseni (U by velumt),

•thyJene chloride. They are then dried in a hot
0 «C See —I h. Dbpoublt ptpettei art desaed

ia dttoaized water aad tbca methsaol sad fiasfly1 " prior to drying st M60 *C Fmslssmple
- .VUblitomedn Pk

Co. aUckford, ID. The vials are dsantd by wasiiaj with de-
tergent and water sad thea boiled sequentially is beasene +

(UbyvoIuBM),bia»ae.aadoaaOymethyleBecBlariae. They
•M anvdried aad again rineed with methyieas cblorioe iam»>
dietely batbre ase. _

Dtosla Suadana. The primary standard of S7J-TCDD was
nrepend by W. W. UusUar (Dow Chemical CdJ sad its s

Standards
WSP W^BW» • W^HFOM> «sMaMBBea>ai wrw»ej evveatsaesBhbaPM saaeaa 4a*waaB*aPW sV aVWWUSiy

described W). rrimery staadsrds of UA4ATJ4eptschloro.
alhsnai pnfioxia 0234C7»>HrSDD) aad OCDD wen syathesixed
byH. 0. frevelandW.W.Mtteiderffiow Chemical Co.). A
stoadard esataiaiag two HCDD isomers we* prepared by Aaffint
OS). Staadards of 12S4«7».HTCDD sad the 10 BCDDJsomers
wen systheamd sad isolsted b a meaner amilsr to that reported
tat TCDDs (3^ awtopt-cnricbed "C-JSTS-TCDO sad »C-
U347S-HCDD were syathesised by A, S. Xende (University of

these standards to be M atom % and 43 stem % "Cnsptctively.
ysrcaloriaetioo of the "C-ZSTt-TCDD provided BCOCDD.

Apaarataa. Jtmnt fti*n SigH-ftrfarmaaet Liquid Qm-
ssacafrapftyuV-HKa IteidWcaatsmu* chlorinated dioadss
an tajeetedinto the RP-HPLC system: column. t*e 45 x 250
mm Zarbas-ODS (DuPso* lastnoBcra DMsioa, waauBfton, DE)
OBBBBBS h series: aocrsticetaaat. awthsao! st 20 mL/ann; pump.
Altez Model 110A; column temperatan, M *C UV detector.
Psrlan-ZbBer Model LC45T liquid chremitagnpaie oaluma oven
sad detector operated at 002 eufs st 235 am; mitetar. Rheodyat
Model 7120 with 30-»L sample loop.

Msrmai-Aate Adterptian Bifh-Ptrformaitct Liquid CV»-
aMtegrepny tSaiee-HPia. Residuei eeataiaiai TCDOi sre
ssjettediate the sOics-KPLC system: eohaaa, two t2 x 250 ma
Zorhu-5H (DuPoat lastrumsats DJvitioa) caluaai ia itrita;
ancntie ekieat. heisat st 10 saL/mia; puap, AUcx Model 110A;
snhimn tempennwt. smbieat; UV dsteetor, Lsborstory Dsu
Ccasol Model 1204 veriable-waveleagtb dstsctar st 005 sufi st
235 anu injector, Rheodyae Model 7120 with 100-«L semplt
faqection loop. Ths eahimas were activsted by tat procedurt of
Bredeweg et si (3fl. _

faekfd-Caiumn CM Otr^itisigfrapfry-LawXaolution Matt
5pec0wn«try (CC-LAMS). CKlonaetad dioxia qusnuficetiaa

Reeriettd freei Atulvticel Cbeeuuzy. 1UO. Si J04S.
Copyrijht C 19*3 by th* Aawriemn Oemtai SociMy end wpneud by pWButuoB of the eepvri|hi amtr. KM*
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r^ta

WM aeeoapuahad by GC-LRMS uaiaf a Ht^Httt-Packird Model
5992-A opcraoac ia titt Mianad ion mod* (SStfl at unit naolutiarc
ooiwsn.: asa i.d x 210 ea alybud {iuc pactat aeor. QV-lT
aOieoaa * 0.40?. Poiy S-IT9 oa 80/100 m«ah Ptr=»6ond Methyl
Suicone-10 eycie fHXU Syiusa Inc. Newion. .MA); injectan por:
taepcraeure. 30 *C on-eoiuaa: evhar pa. haiiua at 14 et'/taits:
aapaimtor. sincia * tace jiaaajavaeanciac ai coluaa Msparatun:
•iacaoa aaarfy. 70 aV. TCDD aaalyiaa eoaditioaa: g»lusa
tomparmcura. 2*i *C iaotharaul: Soca aomtared. aativa TCDD*
tt m/e 320.322. and 324. aad "C-337VTCDD onamal auadard
ax m/« 332. Hither ehloriaatad dwaa aaalysaa eoaditioas:
•aluau Umparstura. profnaaud from 230 to 300 *C at 10
•C/Bua and hold at »«^-"-r- ion* monitAtad. aativt HCDDa
tt m/« 388. 390. aad 39Z aawa HiODa at m/e 422. 424. aad
426. aad native OCDD at m/e 488. 4<0. aad 4R. nC.1234T8-
HCDD asd "C-OOD ara moaitond at m/e 398 aad 470. ra-
apaeavaiy.

EaTiroaaaataJ PardeoUta Saaploa. Industrial Durt.
Pam'niiarat w*n raaovad tnm tha air iauka ffieatioa lynaa
from a naaanh bu2di&( Jocstad ia Midkad. ML

EUcamtt&ticaKy Prtdpitottd Fly Ath. PirdeuUtaa wara
•Bflaetad from tha aaa-raaoval lyttaa aaaociatad with tha alae-
ttoataae praeipiutor oa tha NaahrQla Thaimal Tnatf ar Corp.
rafuaa taeiaaraxar located ia Naahvflla. TN.

Aexioottd Municipal Sludft. Bapnaaotatrra aaaplaa wan
• naaovad frea tha easier of a mmman iiHjr purehaaad 20>kf b*(

of MHwankaa MSorjaaita.
' C/rton PorticulattMortar. Suadaid Kafansea Malarial No.

1848 was obtained from tha Naaoaal Buma of Suadaxda (NBS).
JCuropeon fly A«A. Pardealata eaiaaioaa from a muaidpal

•feBghiacaanterwaneaDacsad
proeadun. Th«

wa* aat opantad to neow

ffltarpaparbyaBoniaolBaatic
of too aaspuDC port WM

Tafei
eearfy fer p«
r t t O C RP*or» CC-LRMS SIM quBBSfieaaea,

tfaa aaapla a pnpand by oais( fir* baaic ftapc (1) chlacaasad
Mfarrif* raaoval froa the *•-«•*»•*« lypiumitm QBgojgg, (2)

awoly ondixajjla apeciaa. (3)

•opaimta dioxiaa praam iato _
chkroarion. and {SWBca-HPtC
TCDD fr""'""* to provide •

WBP-HPLCtwndua fission- .
lly oaOar iatarfanacaa and to

accardiac ta their deane of
cBoattte of taa BP-HPLC

graphic aepandea havinf differest aaiaecrritjr to i
httaxfarenti and to petsit TCDD iaoaer ipectflcrry.

• Aa appropriately fixed afl-flaaa Sozhlat azcracaao «
•truippad with a waur-eoolod eeodaaser. a 43 x US i
thiablewitb eoane bit. a 250-aL betSaa; flaak. aad a taapara-
tun-coacrallad haatiss; aaatla ia ataamhiart. Each of tha para
• thormeply scrubbed with aa aquaoua datatfaat solution, naaed
with daioaizad watar followed by acetone, mafhanni, aad math-
jlanachlohda.aBdfinanyair-driad. DepcadSnf OB the panacaUta
uaple stza (laritr ta-nplea raejuin moat). 5-15 f of affiea ia
charted ato tha thiable followed by a phif of (laaa wool larf*
aBauchtoeorrarthaauieabedcoaplataly. Tha aaaaablad tyataa
(thiable iavtallad) a charted with baataaa (-250 mL) aad al-
lowed to reflux at a recycle rmu of —8 aL/aua for a —™«—•"•

, of 2 b, Followiaa; this prMXtncaoa period, tha ayataapaoiod
ia paraparausad to cool aad tha total baauaa axtract ia dSaeudad.
lao asneaoa chia l̂a > raao*ad aad afiowad la dnia oaBBplataty
am a elan win sued ia a Aaaa hoed. Tha flaaa wool plug ta
nmovtd with ekaa fercapa wa3a a lapiaaaauova parriculata
aajBDpl*. nnpng trno 50 m< for fflurtd ainorea paraeulacaa to
100 f for haavy *oOa. a quickly eaatpd oa top of tha aitica bad.
Tha {iui wool pivn ia npiaead aad tha thimblt nomad to tha
Sexakt azeicor boey. AttaiatiaaaBquouof jaooeaaa mtanaal
ataadari aelunoa* ceataiai&c iaotopieally labalad 23T8-TCDD,
123478.HC30. and OCOD an mBoduead dinAly iato tha
pwncolaui bad. Tha syitam ia ra^arpd with ftiaa baoaaa aad
oxhaujcivaly aztnetad at tha rata prrrioualy daaoibad tor a
minimum paiiod of IS a. Eaeaaampkoraataboddha«tttlaaat
oaa tysua ffutad aa daaoibad for tha aaaplc to aarvt aa a
raafaat hlank

Upon cnmpieaon of tha pnaeibtd t̂ n "̂'"" pariod. tha flaak
nv tr>» K»ni».»» •m», i m i i u x n .1 mrl (te»*( with < t>ir—-

s

I!
!

1. Uqud enrornaagraaMe daaiwup eewma.

to afx-etaft Soydar iff«iffl«n'««« miuiim Tae voiuau of tha
•oteion ia thai raduead by atautpharie pnanirt dirclliaon of
tfaa hanrana totaat ta a final voluae of appracaataiy 25 "T
Tha eoaceaoraxad baaaaa exsae; a than dOisad with a roucsly
•ejoal volvaa of haxaaa whaa eooL

Buft aasaz (basaaa acaeahio thi i CDDa) naoral
li aecompliahad by ?aaatB( tha raaidua axsac: aolutua through
a Scptx-Maere canmaiopaphie "»'"-"'• (aaa Fifun 1) pnpand '
a> (bOowa. Tha nrJrmn ia tharwajaly waahad aad dried just prior
to oaa via tha aama piecadara daacsbad for tha Sozhlat«
A (Uaa wool pluj ia teacrtad iato tha aad of the eolu&a to aarr»
aa a bad support, aad tha fbOowtac na(aat» an thaa earafully
wii(tiid dincdyiatethaeefama: Uf of auiea(boeoaI>yar).
101 of 33% 1M aedioa brdroxida oa aOiea. LO i of siliea. 4.0

K~44% cumaueatad lulfaric add OB aflica. aad 2J3 (of auica
kyar). Tha fraably paekad eolaaa a thas ssaaciatciy

•Rwaahadwtth»aI.ofBazaaaaBdthaaeuaBtdbeaRiad. Tha
naidna errrar; ia thaa paiaad drouth tha column followed by
SxS-aLaaxaMnsaaaofthebaOiB(fiaakvaaML FoUowiat these

30 mL of hasaaa a paaaad throufh the
The total afCuant ia eoQeeud ia a XSO-al. baaxar aad

than erapoiarad to dryaaaa tadar a ie«aa ofTaatocsa asaofaa.
A «ja(ia dnp of n-haxadeeua (-2S me) a added to tha raa^ast
biaak prior ta te ewponsoa to dryBeaa aa a aeaea of iaprovvsc

ft*~~~- rfiemi'nj Eatarfanaea an raaovad by paaaaf* of the
naidue through a dual aoluaa tynaa emiaiaom of a tap Macro
ckroaato(nphic eoluaa draiaiaf iata a betxea Hi^a Aspect
mliiTnn (S«a Fifurt U Each of the»e eoluaaa ia eiaaaed aa
ptrrioualy described aad a (iaa wool bed aupport icaerud juit
pnortaoM. Tha Macro eohaaa a packed witb L5 | of 10% silver
•strata aa affiea and prwaaaed with 15 aL of heTare prior to
•aa. Tha Ki(h Aspect column a packed with S.O ( of baaie
.t»»;«. Whaa the top Macro oaluaa pnwaaa hu drained, it
b poaidaaad ov« the !£(fa Aapea eoluau raacrwoir. Thciacpie
laaidua ia diaaolvtd in -IS ail. of hazaae aad iscroduwd into
tfaa top column followed by 3 x 5-aL hasaae bcajcar haaes.
FoOowiac the riaaea. aa addrBooal 30 aL of hexane a passed
tarouch the lynaa. When draiard. the cop colusn a dixanitd.
After tha hasaae hu drained ta bed level ia the Ki(s Aspect
aniinrm SO mL of 50% (»/») ovboa ueacslohde ia hezace ia
pawed throuch. The total e&uaat ta tha point can b* diacardec.
A 25-eaL |iaai vial (daaaed same at ehromatofnphic oolusss)
b wed to eollaet the total tffiuest after SJ ml. of 50% (v/v)
aathyiaae ehlahde ia haxaat a iaaaducad into the eoiuss-
Whaa tiupgn is oo&piatefti™ (ncsjoo which ^
diaxins a rraporaud ta dryBeaa under a (Otrns
atcrona (J).

EP-lff LC friesonaoan of the rwndue a jataatad by caubneoa
of the aewoeriata coil^nen moat tar TODa.HODa. H^^Dv

- • " •
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Tablt L TC3D Uora«r R?-H»LC Fncaoaaiio* Schtmt
and Specific ftttcasoa ladies*

RP-KPLC silica-
ate RT.* «LC

TCSO bomtr mia rtl RT*
GC p»dc*d column

1269
1419
1287/1239

1218/1279

U89/147«

- -1248/1249

2378
1238/1239

1278
1237/1238

1247/1248

1378
1379
1388
1334

KP-Uo No.
11.6-13.0
11.8-13.0
12.2-12.9
12.2-12.9
13.3-13.9
13.3-13.9
13.3-13.9
13.3-13.9
. RP-2378
13.7-U.S
13.7-14.9
13.1-14.5
13.8-14.4
14.4-19.2
14.0-14.7
14.0-19.0
14.0-15.0
14J-1S.1
14J-15.1

1 Fraction
1.702
1.497
1.823
1.795

1.291
1.220
1.340

Pracdoa
L323
L411
L000

L380
U88
1.100
1.128
L194
L199

0.998
0.912
1.081
UOO
0.989
L0«5
81802
0.907

0.896
0.898
1.006*
1.037
0.969
0893
a979

XP-Iio No. 2 Faedoa
14.9-15.7 LOW
14.9-18.9 0940 '•
Z9T9-16.8 0.977
19̂ -18.8 L2U

0454
O897

0.858
0.771
0.729
0990

• «P-BHX; ate *T • abaotact rttratioa
to toQtct ptak. * * * •

(aOa ada)
2375-TCDO (tO.OlOV • OCaacfctd ooloaw

rti RT»rttaatioa dawrtiatfvt to MC^2378>TO)D
(.0.005). "Nafli ~ ——
"•C-2378-TCDO.

•obftetadtoi . . .
topaphy frirtnaarfott. Tbt ronbaat Uq^rfd <
soaitond by a UV dttactor as 85 an (-A., for TCDDa)
sadOJJ2au4anthowaiaFI|ttrt3bHt Shown IB FlfonSa
ii tba ebromatotmi obtaiood for t CDD OBBbmdoa staadard
by RP-HPLC Attfaoufh tho approprlata CDD oaQoctiaa

otod by dottad Bata, wort faituay tttaoliiatd by

Tablt U. HCaO*. H.CDOi.iaa OCDD R.ttnuon

todmdual tejtetieaa of r TCDO Iiomon, 10 BCDD i
2 HfCDD iaorntn, and OCDD, wt nottaofy eomputt thair
faett£oafromthtobatrrtdr««atioBttottofoBlyaftw»t-
Itettd iptdoa. Tht tpteifle RP-HPLC rttaotJoBiadleti tor
TCDDt an «t»«a ia Tablt I asd tbott for HCDDa, BrCDDa.
•ad OCDO an Batad ta Tablt EL

Aa iadleastd. aO 33 TCDD faeaoa en bt fraedaoattd from
a (aspic rasidua by ooOocsfai' tba oohB&s •̂ "•rt bogiaaiBaj
as ~UJ and tadiaff at -17J BUB. Tit iaisal staft of TCDD

" faeattr sptcifldty ia adutvtd by coDtriac tht 2! iaoaua ia
thrtt itpanta fraedoaa a* shown. TCDD bo No. 1 &f-
HPLC TCDD ttomtr fraeaoa aa 1} eaa eoataia tht foOowiac
faemtrz 12S9-. 1469-. 1287-. U89-. 126S>, 1279., 1389-. aad
1478-TCDD. Tat TCDD 2378 fraedoa eoaaiaa 12*6-. 1249-,
2378-. 122S-. 1239-. 1278.. 1237-. 1238-. 124?.. aad 1248-TCDD.
TCDD bo No. 2 rr'ri'ir* tht •"'"••'""f fo« taomtrx 1378-,
1373-. U68-. aad 1234>TCDO. PrtJinunary tvidtaea. faiatd
by foro/yint saaplta with roujhly tqual aaouats of all 22
TCDD iaoaun at apprasautaly tht ISO pptr coacoaamoaa
ItwaL hat iadlcattd that thrtt of tat poonblt iaoBMa ia TCDO
bo No. 1 must bt tacigcod ia ordar to tawrt quaatttativt
eoBteaon of 2378-TCDD ia tht foQowiaf fraenoa. Thia
ooastqutnet wjQ bt diacuMtd laur. Its occur; tiKt a rtkud
to tht RP-KPLC rtttcnoB BBOI for tbt aoattr 1389-TCDD.
1478-TCDD. aad oat of tho pair 1268- or 1279-TCDD bavtaf
52 ral RT L238 (aormal-phasi alia HPLC nttatsoa tiat

COD Uoiatr

1.081
1.192
0.95 a
0.9T2
1.060
0.170
L039
0.9 T4
0.941
0.390

19.23
19.47
19.52
19.70
20.07
20.20
20.23
20.55
21.02
21.57

24.00
24.65
29.40

0.954
1.077o.scs
0.5C6
1.1C3
0.903
0.903
1.016
1.006*
0.56:

alia- H?LC CC-?*exid
KPLC ab> eolurr.n

nl RT« R?» n( R7*

12346»-HCOD
123467.HCSO
124679«2*68»-HCDD
124879/124689-HCOO
123678/123789-HCDO
123879/123689-HCOO
123679/123889-HCDO
123878/123789-HC30
123478-HCOD
123468-HCDD

H.CDO*
1234679-H.COD
123467Wl,CDD

OCDO
•SBiofHPLC rtl RT« rtunaoa timt rtUtivt to 237 S-

TCOO (tO.010). • RP-HPLC ate RT • ab*olutt nccaoon
(«0.1 aua) at ptak mgimum. • GC pwktd column rtl
KT* rtttadoa ttrnt niton to "C-123478-KCOO.
* Nactvt 123479-KC9D ̂ att* ilifatty Uur than »C-
123478-HCSO.

niatfrt to 2378-TCDD). Tbtorfttatioa Ham an vtry doat
9B tfaa frmcdoB boundary itpandaf bo No. 1 aad 2378 acd
awiplftrathtrirrtprodudblybttwttathtt* fcaciota. AI-

. thoach tbttt bnman do aot aoeouatity iattrfan with tht
gngnrfrarioa of tat hoaaa cxptetad to At proatat Ja th

CDD 2378 ftscdaa. thair ojointitado tHybteam
__ Tor east* watrt cjoaadtatfoa of that thrtt
TCDDi is rtejufetd, a ateoad a&qoot of samplt naidut eaa
bo fraeaaaattd by RP-HPLC fa aoeh a manatr so aa to «-
paad tht bo No. 1 fractioa to tasun thair collocsioa,

Tlo 10 HCDD itoawn an caOacttd fe aeeorda&et whh
Fijun 3 aad Tablt IL Althoojh isomtr-«p«s£e HCDD do-
tetBBi&aftiino 9f9 poxiblit by T*HITC •MMstlatZly tht stusc
caramatopipby pnetdorti dtaeibtd for TCDD« (La, RP-
BPLC — sffict»E PLC — GO, wt hart act ytt applitd thia
synam to ttmplaa. Kajfltriy, tat two HtCDD iaoatn an
aafltcadmaaatit fraca'oa.aait OCDO.

Ha RP-HPLC rondua feaeaoaadoa cbrntpatocraBJ i&
F!|tm 3 at typical of thost cMoeiatad with pam'rnlatt sas-
aloa. Tie pnaoaet of hichtr chlarisattd sptcita, such aa

• ErCDDt and OCDD, can oftaa bt obstrvtd at this poist ia
tfaaa&alyna. Altho««h tbaUVdttacur baa b«ta adjusud
fataM3amvm MiiaiUiUiji for TCDDv oadar thtat eoadisoca
i dttaeiabla raapoaat for HCDD*, HrCDDt, acd OCDD ia
obtaiatd for apprazi&vitaly S oa> SiaQariy, htptaciiorodi-
bomorunaa (HrCDFt) asd oeuealoradibtsttfuraa (OCDF)
•ayabobtobaarftdta tat RP-HPLC taedaaa&oa. B*cau*
O/ tba lade of availability of auhaatieaMd ealorisaud di-
btaxoAirma (CDFa) itaadarda, wt havt aadt ao atuspt to
quaatftatt tattt ipteut. Via eaOtesioa of appropriate RP-
HPLC ftaedoaa. and eaptBary CC-EC and CC-LRMS. wt
havt •nabltaatd tbt potaiblt ptMtact of four KiCDF ao&ta
sad OCDF is a witty of panieuiau sasspit*.

Xafracaoaadoa of tba RP-HPLC TCDD fracuoaa via
•eiBal-paaat HPLC (aSiet-HPLD is tbt *"«' staft of —«
Msait etaasup prior to CC-LRMS aaalysta. Norsal'
•OBtonsf of tbtat ebnauiopiaa wish aUV datacsar at O.i
au&and23Saadotaaotproductob»trvabltp««Jo whh cht
ozetptioaoftbtiaC>2?rVTCDDisfanalfuadaTC. For this
rooioa tueplt ehnaatocraas an omiatd Tablt I lists tht
tedhidual TCDD iaonari OBBttiatd ia oae RP-KPLC TOO
frartoa. bdadtd art tat RP-HPLC, tiiiea-HPLC. aad GC
paekad fnltimn maccaa iadiot for tacs spteas. By wt of
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standard eoouicint approxi&auly 10-20 a( each: 337J-TCDD.
HCOD(t). HrCDD(s). aad OCOD ia BO men than 30 «L of
chlerofera. la eceordaaet with the chrpaatofras obtained,
appropriate eoUeciiea zant* an eetabluatd for coca of taat
specie (sc* Dbcjiioa SKSea). Following caiierscaB. tat iajtcMr
is ruaed with copious ctuaaoea of chlorot'ors. to iacudt cniiopie
eoaiecua've iajrenons of M *L of chlorofora into the "-1'"-" to
assure that no residual caloriaeted dioxias remain.

Tbe residue it prepared for RP-HPLC frscTiooerioa 07
ejuaatitacrrt easafer to « OJ-al. Raaeri-Vlai Qaaodutm ia-
jocaoB requires complete residue solubility ia 30 nL or lots of
chloroform. Lsrpr injection* of cblorefera into this RP-HPLC
syt.ua severely nciuct eoiua»a effTrienry. AasCqootof atsjerc
than 30 *L can bo fractionated if tat staple residue requires
greater amounts of chloroform to bo dissolved. Apamnau _
chlorinated diesis fractions art collected ia 29-aL' volumetric ~
flauo. oquippod with jround fiats stappcn. mnuninc -I mi.
ofbtsaa*. It* ealariaatad dioisss an neowtd by sdditioa of
2% (*/») aquaeut sediua biearbeaata. Ho bauat bjpw it
ttiatf irnd to a 5-mL (jajs vial tad tbt aquocMt pbast it oiBaecad
tbiM additioaal timos wita —1 mL erf bozaaa. lit eatBoiaod
•XS7BC3 trt tbca irapernod to drroos oadtr t strtam of Ttm>
toffat aisot*a. HCDD. HtCDD, tad OCDD frtetioas an
quaattUBTair taaafamd to QJ-aL Raacri-Vials tad dSuud to
•pprepriau volumat for dotaiBiaatioa by GC-UtMS.

Bo«v«Bf tbt east for ia iaoaar-tpoeSe 878-TCDD dttar-
ainanoa, additiaatl sffiea-BPLC fr»fTimifi«i of tbt RP-HPLC
2378-TOD ftaeeiaa is r»quirtd (to* Ditcuttea ttcrloa). Call-
bratioa of tba apprepriata oaOicdontou» is aceomplisbtd by
fajoes&t (ppraBBMiaiy 10 at rfSSB-TCDD aao tbt ̂ et-HPLC
fa aO-40 *L ofbaxBo tad i
Adaqoatt taomtf spoefidsy it obtaiaod whaa tat tfljcajgLC
n̂ "*"** art soficiaatly dry so as to prorida a S37VTCDD rt-

<tri7mia(34). foflo^af fioioeEiaa of tba naidut frmetiaB, tba
cjrmmstntram b moaitcnd aad tbt appwpnatt J37VTCDD
fraetaea it eaUoesad ia a S>mL (iast viaL Tbit taetiaa is taaa
•vcpoxaiad todryuai nndar a tsaaa ofr«mtofts atfiena aad

Tiii preeadur* eaa alto bo oaod to eaOaet otfaar TCDO
a* datcsbod ia tba Discmian stcdaa: sat

.'. "DISCUSSION
lt multipla^tap procodiga to •~^T1Uk tba

itamar-cpoefic dturmiaatioa of TCDDa, HCDDm, BiCDDt,
aad OOD tt low part par nriDioa ooDcaaixtxioai b « vtsiaty
of aavire&mtatai parrieulatt lamploa, 7%m wt» two
pranqoiiRet for our dr»«lopmaat of tbt Huthadolop. IfaK,
tba saapia daaaup must b« otpafal* of nomuut; taeb of tbt
listed eaieriaatad ****** (CDD) (roapa firoa asiaflt saapia
asa soa a st&yla vorkup* ABQ MCOBQ* au pnoKum awt
mo tbt laast sopbisocatad and ynflitr raHabia iiitu ̂ mt D^DOH
poutHt so that such aaalyiat could bt eoadnetad a tfat
gnatast number of aaalyncal f"flir<-* Tbatt prtnquoitas
hcvt datarsiatd tbt aaans by which tba dtaoibod taalyMt
eaa b« accoapliahod. Tbat t*. a BtuomJ or acid atiracrioa
proetdurt aiat bo utod. Aay tnaoaaat of either tbt staple
oriacnn
of tha hither c&loriBatad dia&ai (2i. J7). la aeovdaaet *nb
CAM of ba&dlinc tad the (taerml solubility eoanesariacies of
higher chloriaatad dioxi&s (laaat soluble spooosK rrtrf**tnty&
btasase exsaesaa «mt fmmri to bt adtquata let aS pareealau
aaatplta trtnintd. The salecdoa of paekad-caluaa fa«
^rrrrtT,.frTr.rmr-i»»._^i.^-~r mtm tptesoaaoy « opposed
to eisilUry fnliTm pa efaematopmpby-bicb-rtaolu&OB aaat
apocsutaegy rapnaasa our atumpt to ate tbt least so-
phisticated UML trm«tiT«><<«^i Igf CDD ^•>t"~ S*mrS~~ g^»n««

packed-eaiuan GC-LRMS is iahariatly aorc subjees to
ff^tf*"'^f cbaa eap22ary coiuss GO-̂ Q^d a aort

tasipie pnparataoa ia nquirtd. Tbt approach of
enrnhinirn Ht-nirtJ ezsmcaos tad adsorbaat daaa-up tech-

vith eonsKucrra RP-HPLC asd sOiea-BFLC rasidat

fractionttftm* eaa bt oat solution to this problem. Under
tbaae camnnranrta a litpjficaat pontoa of the method ca-

ggj Unmmttiifmtftm g£ f^pnq jj ralafstad to the •̂ *̂ r"r rather
tba& to tba ftial Kas *ilnfllm**^tTtp'iif seperanoa. T îs can
bt idvistattoui whaa daaliac with nimbly "*•*«""'" *•«•<
•mplos beosntt the ebroaatocrapbic capacity of the daaa-up
•taps it ofuaHy much paatar than that of the GC eoiusm.

•ospocially whan eapi31aBai art o»*d aaddSiQn,thJsapproaca
faearporatas tht onotocmm RP-HPLC tad sffiea-HPLC stapt
that ** hat* published fur the sapannoB asd »«"i-"'"»« of the

-. 8.TCDO itoman (M). Their datoibed app&etxioa in this
procedun pemiti the taalynto prtanaraat which portThW
TCDD isoaen eaa bt prtaoat a a jrrta residue fracaon.

. Hence, tha_nteastityo/tttis«sGtpularyGC column to obtain
ImproTtd TCDD isoaar separatioBS is •B"'"**~> This ca-
pability may be of uanott mportaaet as the aathoa an aot
.twin of any published data lucswtiai that aD 22 TCDD
boatn eaa be separated siBultaneoualy osiaf t sinjlt ca-
pillary GC *^1T^* The described methodobp wQI accresa
this problem. ' '

It is to bt aadentood tost this proetdurt bat b*cn de-
oloped and used for surrey purposet oa a variety of dtgareat
OBTUuaaaatal paniculate*. A complete method validation
fc">'""it oaaBrola, torafliarioni. sad replicates would be
nqutrtd for each specific aaeiz befon its thiolute degree
ofraUaaJB^fcinbeonablishtd. Theiachaienofaotopically
enriched TCDD, HCDD, aad OCDD internal standards pro-
*idt a raatnnthli dapi* of raJiabiSty gpdar tht cacuastancat
of its described uses.

Tie samples LO g of MBS urbes paniculate aacur. LO (
of aduseial dust. U s; of tlecsoeuncsir/prtephated Sy aah
from a municipal burner (fly ash). 18.7 ( of MSorpjoite. and
0-3368 ( of European fiyash wtre Sozhlet tsracud with
benzene for —16 b aad the raultinj rasidoet processed
through the prtuminary liquid chroaatofrsphic dean-up
tups. Each sample, to include a reaps! hl-"|f was fors2ed
with 5-20 of of isotepicaOy aariched imemal stsadard CDDs
(?C earieamtst) prior to aaaiwas. After oansftr to a OJ-aL
Baaea-Viai sad evapoiaeioa of the tartest eg sampies yielded
a risible white residue ?jii of tJ>^~ •»••>••-—.—'•—'•—''••
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thb JB/nmirinrii appropriata ftn'ttiiiu eaa bt eoOtctad ftoa
tht aflict-HPLC which ptmft boaar-tptdflc GC-LRMS
idtatiffleatton aad ojaatitatioa.

whan gam* oar padnd<alaaa GC-LRMS aaalysb. vala
Stt&lSUBSff tfaa) tOCJal flUJBftbtf Oaf fiAAiOaW OBatWtf^ ItalBMSt*

btjsaff that tht primary fotJwta to pro*ldt tht Uesat quafity
aaalytiea! data tat 237t>TCDDl thb acaaat b

(GC nl RT. TCDD ntaaaaa that nbdrtto "C-CTVTCDD)
far aQ TCDD* pnatat b) tat BP-2378-TCDD fraedoa adi-
eattt that four othtr TCDD* havi GC nl RT« witha tOMO
(—12» fiv4 aia ahtoluta nttaoaa tiat far aC-BT*.TCDD)
of 237S-TCDD. ArbiBririly «!•*• "*y GC nl BT ***.flff** at tht
•"•'"*'"••"• GC paJtetd eoluaa atparadoaJet qaaOtatr**
idtarLTcadoa of a TCDD boatr from 237>>TCDD aad thta
dinct GC-LRMS aaalysb of tht RP.237»-TCDD
would yiaU a 2378-TCDD nOua wbjca aavu (*<h«i

fly MO. W m**** «wat. (•)

1238-, 1247., aad 124*TCDD an tiMatiallr baitlla* «?*-
atad by <JBe»>BPLC, anaaptt to oaOtcs tata h adtodual
fraetioaa odtr cnndfrioni «am tat sptcu* euaot bt ob-
•ttrtdbytUVdtttetorwooJdbtdUHaaJt Btaaa<ia«It

.ftaedea ii eaQtettd for G&LRMS aaalTBi. A* tadieaud by
rtat mptcd»t GC rtJ BTa, t&tM aemta eaa bt dntrststd
• a total for 1237- tad UM-TCDD aad a total tor 1247- asd
1246VTCDD.

Tant of tat TCDD beawa prattst ia RP-bo No. 1 art
aMTfflrtrf a aritr to tarot mtTrmrTTi ttcowtty of 23T8-TCPD
BtatwlIo«iB|RP-RPLCfraedoa. TatcBBMqutaetof this
ateadoB a tat ponialt pnataet of 12B/1279-TCDD (S3 rtl
BT L2»), 138»-TCDD. aad U7MCDD Sn tht RP-23T8-
TCDD fraedoa. Btfardiaf thtir tfftes upon tat bestr-
•ptdfie dttaniaadoa of 237I.TCDD. it OB bt OBMrrvd that
•o wurfanaet oeon by vfrcut of both thtir naptetiTt stl-

faua of four othtr TCDD boatn (237B»TCDD •*• 4). Bow*
«*tr. txaeucacoa of tht diet HPLC ralativt ftttatttjB taata
(S3 r«I RT. TCDD rtttatiaa tiat rtiadvt to 23T*TCDD) far
that TCDDi iadiatn that 237S.TCDD b tht fiat boaur
to tluta. Tat ntr: boatr to tint b I23?/U3ft»TCDD (S3
•W RT L10); aowrrtr. am at tht aumaua aeetptablt «3-
iea-HPLC manoaa tau far 237».TCDD waiea b -12J ata.
tab boatr b ftpanttd by -»L73jaja. Tat naabuaf aiat
TCppbpatn, othtr thaa 2S79-TCDD. prtMat ia tat RP-
2378-TCDD fiaesoa eaa bt dttaraiatd «* <mfb boaurs with
tat tzctptiea of dbatt ia S3 Faeaoa Ma L Althoujh U37-,

i»BPLC nl BTj aad thtir GC-padud eoluaa nl RTs.
Howrrtr. oadtr efreuBftaaeai watn tht 1268/1279-TCpD
(S3 rtl BT USD boawr b nlasfvtiy aich is eoaetaeatioB,
it coold bt abidaatiStd at 1237- tad 1238-TCDD pmta:
a S3 Faction Na I of tht RP-aTS-TCDD frmesoa. This
Bttrftnaet mutti from aaOar GC nl RT» for thtM boatia
at iadieattd ia Tabla Dl Tat U89/1478-TCDD (S3 nl RT
USD) wffljot eauM aay aiaular iatar/amet pnalta* wich
thoM TCDDi prmat b RP-23T4-TCDD frmesoa—£11
f nctioa No. 1 bteauat of ia GC nl BT of OJOi Tat n-
aaiBtaf boatr. IMI/UTS-TCDD (S3 nl RT L540). if
prwtnt ia aich eoaetaenaoa aay iaurfm with 1246/
1249-TCDD (S3 nt RT t4U] ia HP-ZTS-TOD &aenaa-53
Fncrion Na 3.
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fly aah. (e) mnciBai stuoga. p) fenpaan fly MA.
O&LRMS mass cfronaagnm: (b) raeeem blank, (e) MaMl dim. ($ eMcrasasc

man csromatoanms f** ^^ aomaf-flpeclflc
2378-TCDD ftaedona of each parrjcnlsta sample analyxad an
ahown m Flcare 4, Native 2378-TCDD fa monitored at m/«
ff^f\ 322, ^^^ 374 aod "C»2378-TCDD at ^M- Tne caHbration
•tandard Glfan U ahawa a typical far a 2-»L Injection of
a rafaraoca itaadard mnfitTimc 100 pf/«L of aativi 2378- .
TCDD and 500 pf /^ of^C-2378-TCDD.

the analysis of the RP-23T8-TCDD jraedoo from abeao-

aflica-rC'LC rafractioaatioB. Asamcaniof ensnzinc boao-
|«netty. a 2-f portion of lampla was proeaaaed throoffa tha
^*^fl<yp fe^Ti^^y RP*^?LC f̂T***1?*?**̂ 1^ At tfait potet *jt*
BP-2378-TCDD fracaoo wu drndad into two equal pi*ifrm«.
each equivalent to 1 f of oritlsal atapla. One ponioa wu
analyzed directly by GC-LRMS u iDuteated in Fifure Sa.
The other portion wu ftmhar fractionated by jfliea-HPLC,
the S3. Fraction 2378 eoOeeted. and tha Tandueanalyzed by
CC-LRMS (Flfure 5b). Comparison of 2378-TCDD quanti-
tation for theae rasiduu yield* 1500 pps be/ore auiea-HPLC
nfraetioaation, and 430 pptr aftae. The value obtained before
ailica-HPLC refraetionaoon BUR be qualified at btiaj the
eonccnnacioa of 23T8-HPLC plut four poatible maeparaud
iaoman (*ee Table IV).

Iaemer-4p«cific TCDD analysts data for each of the de-
scribed paniculate samples appear In Tables IV aad V.
Quantitation of TCDD* wu accompukhed by avmraainf the
observed response at m/« 320. d and 324 for sflasei except
whare daaotcd. Inseumcnul caCbnaoB for aD TCDD i

I

wu based upon the observed neponaei far a primary standard
of 22TS-TCDD. The listed eoncsnaatiens for 2378-TCDD
nave b«*a corrected for recovery of the "C-2378-TCDD ia-
taraal staadard u |t»«n in Table V. CoacensatioBS pven
for all other TCDD isomers represent absolute obserred
values. The limit of detecaoa fl-"!*^ for sfl ipegei was denned

an-TOO

TOO.

c-sn-Tese

n-a r

*•!

• • I « • • l •*— ' a 4 t * • IM j « i •
•tew* S. Comearmiw* 237B-TCSO OC^MIS mua ef»ofnatey»rn»
tar ewcretaac fty isn 10 sner M-HPLC (HP-237I Iracaon) (B) anw

neon).
u 2J x peak-to-valley noise in a rtpon naarby the upecttd
elution *3Tr* Observed cDocensacions less than yb^ T A^ are
listed as sot detected (ND).

As a mean* of inrestifacnf the dep«e of reliability asso-
ciated with the bomer-eptcSc dstarsiaanaa of 23TS-TCDD
ma sample /TTr^f"'T'i tr"'-'*'T>" """*'" -"i"*^ of aC 21 other
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T»o.. HI. TC30 Uom«r Siliea-HfLC racaonaaoa
Sch*o)« and Specific Retention ladica

CC
packed
column
r*< RT»

Si! fr»c:ion no. 1
1268/1279-TCOO

1389/1478-TCOD

S3 fraction ao. 2
1289-TCaO
1489-TCDD
1287/1239-TCOD

KPLC 331 coOection

Hf-ltol No. 1 Fraction TCODi

1.435-1.150

RP-2378
S3 fraction 3371

2378-TCDO
522 fnetion ao. 1

I237/1238-TCDD*
0247/1248-TCDD*

S3 fnedoa oo. 2
1278-TCDD

SH fraction, ao. 3
1248/1249-TCDD
1238/1239-TCOD

gS fraction ao. 4
124*V1249-TCOD

1.110-1.370
LS34*
1.2*1
i.220*
1.340*

1.T02
1.497
1.122
1.798
fraction TC3D*

0.980̂ 1.080
1.000

LOSO-L244
1.100
102*
1.154
LIN

1.244-L200

0.95*
L0i5
0,802
O.M7

0.9>8
tt.»12

_L081
1.200

-,00.

1.211
1.321
J.3S8
LMO
1.411

1.300-LJ4S

0.179
0.990
0.884
0.887

0.193

0.894
1.037

^XMS mass ehrematogrmmt

J.3SS-1.490
OJ98

0.729
0.771

XF-Zeo No. 2 Fxaettoa TCDOf .
52 friction ao. 1' 0.900-1.080

I388-TCOO 0.940
1379-TC3D 0.977
1378-TCOO 1.000 '

CO friction ao. Zf. JL3J.O-U33
1234-TCaO 3L248 0380

• snioe»HPLCret XT* retaattoa tbae relache to 2378-
TCDB (eO.010). • OC packed eebuaa «e« Jll
tfm. reUth* to "C-2378-TCDO (aO.003). •(
recurity ia/onaatioB. • Nadw 2378-TC3O <
eiiavtly later taaa uC>237«.<TCpO. • Related boaen
typically reported «a t total. ' Frai
biaed prior to CC-r

theauBpl*> Than data fadfcatetnatao other TCDD i»om*r
Intirfifei with the **^»"p»<«»f*<<««| of 2378-TCDD whea this
aaafrtjcei procedure h and. Eeeortry Tmlnee prma for afl
•tibat TCDD faonua nptmtat abtolsti obMrwi *«JUM aad

• were eorreeted far aataral lenli whea aeeeauir aa lined is
Table VI

Typical teaperaton prepaesaed GC-LRMS man earo-

appear ia Figure C For the aaaJyu* of aleeaonatieaJlr
fly eah the RP-HPLC HCDD*. HtCKDt, «nd

~ "prior to GC-LRMS exasu-
aatfoa dee Fifon 3eX Aaaauaaiofovereaauaf probletu

i hariaj relattrely larfe aaoosts of
tfpicaitr

TCDD aamtn, «t JntaatioBaDy fortiflad • mad pordoa of
Bunepal iludf* with oaeh TCDD iMaar at tht knk iho«B
to Tail. VI Nether 1237. «U3*TCDDwM added 6w
to their aatural pneeaee ax 290 ppcr(*et Table V). Aaalyu
of the forafltd caaple yielded the nutvuf data <ao*a ia
Table VI Refardaythe 23T>-TCDP data, tfce^aaouattoaid
«M eamead for the ieui»tr/ g/jbe °C-2378-TCDD aad abo
tot the 20 pptr aacurmJ 237S-TCDD prtvioualy observed ia

i ealoEbatad dta&i oatBpared to the 1-20 8f of fbrefied
teteraal scaadarda, a eompiete method validatioa itaay wa«
floadueted for HCDOs. BtCDOt, aad (JCDD nxfat toot SO •
pptr to 10 ppa (M/C) aad froa 10 ppv to S ppb for 2373-
TCDO. Theowttoiparoeulate«anpiia»»di»ai*«aBdyloaea .
aaO, to which w« added -ISO *L of Mobile 1 fxatfaeee eavce
khrieaat par 20 (, a§ a oeaat of iacsMnaf the total orfaaiei

: to btcteriimnlati typical paraenla
aatr*e CDO suadardi ••» need for umple forsfieation:
2371.TCDD. U2678-HCDD. 12M79/123W9-HCDD (S3 rel
BT L039). 1234C7>.HTaDD. aad OCDO. The mulu of this

Table IV. Otloc •d DioxiBJ Obeuved ia lantoamemal •artkulate Siaipiee
pan* per bflllon

cao*
2378-TCSD * 4 ieomen*
other TC2D« (17 ieamtn)
HCDDf* (10 aomtn)
1234879-H.C2D*
1234878
OCSO*

NC (0.08)
NO (0.04)
NO (0.18)
NO (0.14)
NO (0.14)
NO (0.29)

Miutnai eiectmutic auaicipal
dust

...»

...»
NO (14)

200
220

4000

Cyaab
J.S*

...»
14
11
17
30

eludft
.->
...»

11
14
IS

130

European
flyath
...»
...»
850'
470
•70
•80

NBSurbaa
particuiati*

0.12(0.12r
0.16(0.08)
2(2)

18
18

210
• M-HP1C R?-2373 fraction aaalyud dbvctty by CC-IJUIS «ad not ieomtr ipwrte u deteibvd ia test. * S«npl» fully

Bsesoaawe for iaomM-spceific reeuiU !»»•« ia Table V. * Obierrtd vaJue* without eorrteaon run u p«rt of r»iiaauon
work rrporud ia Table VH. * For w«emi" ieeaer laeeific *e« Table VQL * UC-2378*TCOD (eeovcry 78% tan *aiu« luted
aa* be«a con»ettd, m Table V for otbeis, tad NO • eoeipouad aot detected at Uatt of detecsoa ia p«rinia*M* and ao
partatbese* iadiatat detected eifBai > 10x bait of detecaoo.
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Tadi* V. laointr- Specific TCOO Analy*e* of Lnvtronmtnul Paruculact Sample*
pant ptr trillion

reagent iaeimrial tiee:rexu:ic
TCDD Uomor Manfc. pf duit flyaui

2373-TC3D' ND (40) 1100 430(110)
12S9-TCDD NO (20) ND (40) 190(60)
1469-TCDD NO (20) ND (30) ND (SO)
12S7/12s5-TCDDSa rtl RT 1.623 ND (20) ND(SO) 100(60)
1267/1239-TCDO Su rtl RT 1.795 ND (20) ND (50) 120(60)
1238/1279-TCOO Sil rtl RT 1.223 HD (30) - • •* 190(90)'
126 S/ 127 9-TCD OKI rtl RT 1.291 HD (30) HD (50) 310(90)
1369/1478-TCOO SU rtl RT 1.220 .... -•• ••«
1369/1476-TCDO SU rtl RT L340
127S-TCOD ' HD(60) HD(40) ND (SO)
1236. 1239-TCDDSU rtl RT 1.336 NO (60) ND (60) 230(110) -
12C6/1239-TCDD SU rtl RT 1.350 ND(60) ND(60) 150(110)
1227,-1233-TCDD Sil rtl RT 1.100 !«„,.«, , jn,«n- *-,«•1237, 123S-TCODSU rtl RT 1.123 !»(") 240(30)' 720'
124 6/1 24 9-TCD D SU rtl RT 1.323 Ixm,.., ««/««,« •»•.«,,,„,»1248,-1249-TCODSUrtl.RT 1.411 1*0(60) HD (60)« 730(110)'
1247/1248-TCOD SU rtl RT 1.134 1 ._ ..... ,.«,««, ,-in,-n»
1247/1246-TCDD SU rtl RT 1.199 J NO (60) 140(90) 310 (,0)
1378-TCDD HD(20) ' 660(110) 1370(150)
137 9-TCDD . HD (20) 1340 1160 (150)
1368-TCDD . ND(20) • 2760 1320(150)

•1234-TCDD HD(20) 180 370(150)
total TCDD* • HD 8340 7750
"C-2378-TCDD %~rtco»«7 64% 69% 84%

• Cerrtcttd tar uC-2378-TCDD rteovtry tad aO other iaoatn art abaolutt obttrrtd. * •
*" **** • Ot*—<^-<J *"»« M«'n»«>y 7"*itvrnahlt ' r^rtTrrtfl irn ruff 1?? nnlf * Pooibl* u
tattzt.

munic:pai
ducfe
20(2)

N D ( 2 )
NDC)
NDC)
NDC)

3(3)*

HD(3)
NO (3)
230'

ND(3)'

8(2)

23(5)
13(5)
13(5)

HD(30)
310
61%

• « • aot rteon
fostr Uittrftrt

Earooein
flyatn

::oo
1000 (140>

300 (140)
500 (140)

1000'
1300

3100
1100

800 (4C3)

8500'

2000'
1500

6900

13200
7000

16200
2100

69SOO
56%

tred u described
act aa described

* .

. TaaLt 7L bomvSpteifie TCOO Aaaly«* of Uuaitipal 5Iad|t afur FortiflcaaoB
•enea ia pptr

. . TCDD iaomtr ' ' ' added . fouad
2378-TCDD . • . ^ . 143 140
1289-TCDD . • ' 130 108
1469-TCDD 166 122
128̂ 1 28 9-TCDD Sil rtl RTL623 150 126
1267/1289-TCDD S3 rtl RT 1.795 171 143
1388/127 9-TCDD S3 rtl RTL238 • 137 ...»
1268/1279-TCDD SU rti RT L291 140 69

•• 1369/1478-TCDD S3 rtl RT L220 • 143 -•• '
1369/1478-TCDD SU rtl RT L340 ' •* 131 ' . •-•
1278-TCDD . ICO 104
1236/1239-TCDD S3 rtl RT 1.356 147 • 103
1236/1239- TCDO S3 rtl RT 1.350 146 80
1237/1238-TCDD S3 rtl RT 1.100 1 ,,.-^
1237/1238-TCOD S3 rtl RT 1.128 le « (!•<>)•
1248/1249-TCDD S3 rtl RT 1.323 141 !.„.
1246/1249-TCDD SU rtl RT 1.411 ' 131 I220

1247/1248-TCDD SU rti RT 1.134 Ml ».-,.
1247/1243-TCDD SU rti RT Lift 183 f203

irrS-TCDD 171 ' 131
1379-TCDD 171 138
1368-TCDO 101 43
1234-TCDD 143 122

• Corrected for rteoTtrr of "C-2373-TCDD (72ft) and native 2378-TCDD prvsent |i»»n
absolute obttrrvd. • - - - • not recovered ai described ia ttst. • Total aot addtd. Hifn
Tabie V. * Atuolut* amount oeMrrtd ia tauxvnplt. 'Total.

%r

.

.

in Tablt V, all

•

tcu 'try
98 «
72
73
84 • »
85

49
• • •

• • *

65
70
83

73

69

88
81
45
85

other Uomen art
oative concentration given in

•tudy apptar ia Tablt VTJ. Tht»t data tadieau that tht
•vvnart rteovtrit* of HCDDs. HrCDDS, aad OCDD over tht
dt*<rib«d concentntiooj raoft art reatoBably coniuat and
art becwMa 70 aad 80%. Statist typical pardeulatt sampias
eootain bicker ealohaattd CODi within diii naft. rtcovtry
factors dehvtd from tat validation eaa bt uttd. Siaet ^C-

hbtlad iaursal staadards art addtd to aO sacpia. vhtsev«r
nry lev .aacv» eoaceacacions art obstrvtd approphatt
cerrtcaon factors eas bt applied Note i»t rtcovtr? valuta
rtpor.ed for TCDD have btca eomcttd for dit obst.-vtd
•"C-ZJTB-TCSD iaursal suadard rteovtrias aft«r RP-HPLC
fraciionaBoo.
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Table VII. Chlorinated Diosin Recovery aad rVeeuian Oau for Forbfieo Sandy Loam Sod1 ~~"~——"———
2373-TCOD* HOD H.COD OC3D

earn pie
ao.

1
2
3
4
9
8
7
8
8
10
11
12
13
14
19
*all*
!•»',at prae'
« ptee*

aaded.
pptr

10
20
20
30
SO
SOsososososo

100
100

8000
8000

so

found.
PP«
' 13

23
21
49
43
81
S3
80
SO
47
82
87

108
9330
8400

48.8
2.6

*
130
140
105
98
80

102
106
100
100
84

104
• 87
108
107
106
108
13
88.2
8.2

added.
pptr
SO

100
100
230
290
290
290
230
230
230
230
300
SCO
IX 10*
Ix 10*

290

(bund.
PPtr

30
7:
97

160
ISO
170 ' .
170
180
180
180
170
410
440
8.1 X 10'

* 8.1 x 10'

173
10.4

ft
60
72
87
84
72
88
68
76
84
72
88
82
88
87
81
T3
10
88
8.0

eddee,
pptr
90

100
100
230
230
230
230
230
230 '
230
230
800
800
8x 10*
SxlO*

280

found .
pptr

46
7S
63

170 «
200
200
170
210
180
180
160
430
480
4.3 x 10*
4.7 x 10*

181
18.6

ft
92
75
63
68
80
80
68
84
84
72
84
86
82
80
84
78
11
72
10.6

aautc.
ppv
200
400
400

1000
1000
1000
1000
1000
1000
1000
1000
2000
2000
10 x 10*
10 x 10*

1000

founa.
pptr

160
3:0
260
730
820
7SO
7JO
860
700
690
690

1900
3060
6.4 x 10*
9.0 x 10*

731
69.4

ft
80
83
65
73a:
78
72
68
70
69
6*
95

103
84
90
80
11
75

9.2
« Data for all species obtafeed br CC-UUIS aaalysis of appropriate V-KPLC fraction*. 23TI-TCDD value* eameted for

"C-2378-TCDD intern*! standard recovery, other CDDi art absolute observed. • Corrected for "O2378-TCOO wh«»
average recovery was 39.8ft for all samples. • 3 aD aad t all represent the sseaa aad ctaadard deviation of all samples. **
prec and * pre« represent the mesa aad standard deration of samples 4-11 to determiae preeiaioo of the analysis.

Table VUL. "SeeaT* XsooMr-SpecuSc BCBO Analysis Data far Zuropeaa nvaea. Absolute Values Keponed
______parts per bflBea •

XCBDsMacr* . . .
124679/124889-HCDD SO rel <T OJS8
124679/124SS9-HCDO S3 rel KT OJ72
123468-HCDD
123679/U3689-HCDD S3 rel BT 0.970
123678/123689-BCSO S3 rei XT 1,039
123469-HCDO
123478-HCOD
123678/123788-HCBO S3 rel *T 0.974
123678/123789-HOD SB «iST 2.060
123487-HCDD

feageat blank

}JTO(0.13)*'«
. NO (0.13)

>ND (0.13)*

}MC(0.13)«

European flyun

82« ;

»80

'SS(9)«

• HCOD S3 rel JIT « mention time relatH* to 2378-TCDD by sOka-KPLC (Table H). • JTO (0.13) is aot detected with
limit of detection in ppb baaed OB flyash sample atee. * Total •

GC-LRMS analysis data for higher ehlonaatad CDDs ap-
pear IB Tables IV and VUL Table VIQ ffluttratea a format
tot HCDD determination that it -semT-ieomer specific IB
this cue. the total RP-HCDDs fraction was aaalyxed direedy
by padced-eolmnn GC-LRMS However, because OC ral RTs
have beca aspehmeatally determined (see Table ID tor aQ
10 individual HCDD isoaaa, era caa separate the HCDDs
observed iato five distinct groups. Withia each group only
a limited number of learners are possible These saalyses are
accomplished by using isothermal column condition (—270
•O so as to maximize the separation power of the cahtmn aad
to improve relative retestioa time measurtmeats.

CONCLUSIONS
Although this paper demonstrates the appitcabOtty of a

multiple-step procedure to isomer-epeeiflcally determine a
variety of CDDs in eaviraamesal paniculate samples, we have
also applied the technique to many other aacicss successfully.

of a leas sophiatieated eleasnp toDowed by both packed aad
eeafllarveoiuMGC-HRMSase&ued bterened iacivicuals •
•ay request a more taorouca dfsnmimi at* the method de-
velopment atperimeaa from the authors.
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Secondary Ion Mass Spectra of Diquaternary Ammonium Salts

timothy M. Ryan, Robert X Day, and R. Graham Cooks*
DfftMfrrrtfftt of O*m*vr. furOut IMomtf. Wtgt LMttytai. JoOmn 4TK7

Mowcuwr Jcjuom <MTURAQ py ffMnwntun vwfcr |
bi iwcond*ry I"** ««•• 9«e»a (SIMS) of

anrnonium ntta. Tt» ratatfamMp
bctriir rtructw* and ft* ibnriaflon of otaflom h wptor̂ L

ht«reiurg« Moaratfom, cprrMpondlnu to taHntd ln»
eeuiomble rcpuWon, m objirvtd to corr*Ut«

wtti tfcaOon d*t*e!)on. FragmOTUaon wflh eturaa Mawattan
to facOUt*d by amafl tnt*reharg« dblaneaf and can pndud*
•bMrvatlen of th* dteatton. B«ctron attaetmwX to ylold lh«
menccaUcn la an aflamathrw to dteatten wniaclon whwi 0t*
afruciur* of th« dfeaflon CacOUtM reduction. 1M§ oeon, for
•xampK for ft* harblctdo olqual (Ar̂ f-Mtytaw.î '̂ ipyrWyl
dferomido) which la dataetad m Bs monoeatlen. Complata
ap*cira of dlquatamariaa can ba takan «fth nanogram abta
aampiaa.

Stcoodazy ion mass sptcaomtey (SIMS) hat rteandy baaa
abowo to b« a MBsitfrt mttbod lot tfaa «*«~^-n7iTfmn of
orpnic salt* Cf-fl. Riponad ban a tba ohserncoB of intact
orfanie dicadons «mittad from diquatareiry """"«•'•"• salti
upon spucurinf. TKis eoaatituui thi fint obscrvmaoa of
multiply diarpd ortaaic ooiaeultf ion m SIMS Tba nault
b o/ inurest with regard to both luiytical application of
SIMS «nd tb* ft""4i"-*TrMlT ofiooianon durinj ipuoarinc.

«, pitttaom prior to SIMS aaalrtis osm( arton prtmary JOBS at
I keV and OJ-OJ oA pnaary iaa '"Tr*iif Beam ditmtter wu
approsimataiy 1 am and pmtmai a the oise-hich-vacaum
dumber reaaiaad befaw 1 x Iff* ton* doriaj the course of the

m taken with Riber SIMS fyvtea atint a
analvMr, T

lorattratinn aa artrorn WM o*<aud and the T
dtaaac* in th* oa»eaiaad aoJeeak i* nporwd. latareharit

mMeivoullOMdtocalenL : repulifv* eaarpei
(T) from r (*V) - 14J/r CAJ.
' . ' 1ESULTS AND DISCUSSION "
Tba SIMS apeetruB of yjV'-bis(dia*thyn-i.4'-tri-

> proridai both tba molecular waifat (in/irred froa
tba bifban aaai doubly ebarpd ion. 268**) aad structural
l&forBatioB on ^tf* co&pou&d> £susasoo of **** doubly
ebarnd ipaeai a eonfcatd by tbt obaarraaoa of the "C
hotopt paalc one- half SUM unit abort tba diearion peak (m/z
134J is Eicon 2). CbaaciBC tba eouatarioa does not affect
tba SIMS SDCCCVB: tor cxaapla. tba dtbramidt asd diiodlde
of compound 1 (ave ideaoeal SIMS spectra.

Aaalotoui naulti wan obtained for

r. som« bialoficafly imporuat eompoiada. wda u
tba herbicides panquat aad dtquat and tba cmrt aQuJoidi.
haw tht diquataraary ssuenin. » that SIMS may ficlitau
tbair CMtnc«eRsafio& XD addition fludiu oa orDtcuo
ttfUe: the de^rr* to which tkcson uuchaaot oceu
aputuriaf . Thu procau yicida obscrvabU ebarfcd produeu
for dleaooBa. but aaumia in spunand wbaa aooocauoai
ar* raductd duriac ioa bombardaant.

EBIMENTAL SECTION
AH eoBpoundi win «yntb««ix»d by onaf naadird

for the pr»p«nnon of quaternary smaouua ui& Tbe orpuue
aaitt w«n buiauhrd oaco 1 1 em: nufhcaM foil of ether iil»«r

•atbyiH.4'*OimatbrlaBedtpipanaiaa duodide (2) aad for the
aromatic compounds NJ/ '-brtcriaethyO-M'-methyleseci-
aailine duodide (3) tad ^JVr'>bii(dia«thylethyn-t.4'>
aathylaaadiaaiZtae daodlde (4). TTie speis.ua of eospouad
t '» ibown in flfun 3; tbe dicmtion. 284** at m/z 142 is of
relatively low abundance, but its "C iaotopc is well resolved
Ja bi(b-rasoluQoo «""«

A OBaaidanble auaber of diquateraary salts (5-19. Table
0 did not exhibit observable dieaaou. Compouada 18 asd
19« wbfle tbay ̂ ^ ppy yield sulccilar *f?T '̂*^<« did saow the
eomtpoadinf nnjiy charted ions is tbair SIMS ipecrrm.
Compounds S-17 auy £a2 to exhibit dicatioas because they
fracseat by t £i«oraait cbarrc sepantioo route. M" — MI"
* M.*. This is indicaud by tbe absence of both siafly aad
doubly eharjtd aolecular ions for these samples.



temperature of the water bath to 85 to 90*C. Concentrate the
extract as in section 11.2.6 except use hexanc to prewec the
column. Kemove the Snyder column and rinse the flask and Us
lower joint Iato the coaceatrator tube with 1 to 2 aL of
bexane. e

11.2.8 Add a eleaa boiling chip to tbe coeceatrator tube and attach a
two-ball aicro-Sayder eolusm. Prewet the column by adding
about 1 mL of hexaae to tbe top. Place tbe micro-K-D
apparatus oa tbe water bath so that the—concentrator tube is
partially isowrsed la tbe hot water. Adjust the vertical
position of tbe apparitus aad the water teapertture as
required to complete tbe concentration ia S to 10 alnutes.
At tbe proper rate of distillation the balls of the column
will actively chatter but tbe chambers will aot flood. Vhen
the appareat volume of tbe liquid reaches about O.S aL,
remove the. K-0 apparatus aad allow it to drala aad cool for
at least 10 alnutes. Kamove the aicro-Sayder column and
rinse its lower joiat into the concentrator tube with 0.2 oL
hexane. Proceed to section 11.3.2. Zf further processing
is to be delayed, the extract should be quantitatively
transfered to a Teflon sealed screw-cap vial aad store
refrigerated aad protected from light.

11.2.9 Pill tbe sample bottle with water Xo the mark aad aeasure the
volume to the nearest 10 mL ia a 1 L graduated cylinder.

11.3 Column Chromatograph

11.3.1 Column Preparation

11.3.1.1 Column 1: Place 1.0 g of silica gel Iato a 1 cm x
20 cm column aad tap tbe column geatly to settle
tbe silica gel. Add 2 g sodium hydroxide-impregnated
silica gel, 1 g silica gel, 4.0 4 of sulfuric acid-
impregnated silica gel, aad 2 g silica gel. Tap
eolusm geatly after each additioa.

•

11.3.1.2 Column 2: Place 6.0 g of alumina iato a 1 cm x 30
em eolusm aad tap tbe column geatly to settle the
alumina. Add a 1-cm layer of purified sodium
sulfate to tbe top of tbe alamiaa.

11.3.1.3 Add bexaae to each column until the packing li free
of channels aad air bubbles. A small positive
pressure (5 psi) of cleaa altrogen can be used if
aeeded.

11.3.2 Quantitatively transfer tbe bexane sample extract from rh-
eoaceatrator tube to the top of the silica gel ia Column 1.
llase the concentrator tube with two 0.5 mL portions cl
hexane; transfer rinses to Column 1.

D - 24
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11.3.3 With 90 mL of bexane, elute the extract from Coluan I directly
into Column 2 containing alumina and sodium sulfate.

11.3.4 Add 20 mL of hexane to Column 2 and elute until the hexane
level is just below the top of the sodium sulfate; discard the
eluted hexane. »

11.3.5 Add 20 mL of 20Z methylene chloride/80Z hexane (volume/volume)
to Column 2 and collect the eluate.

11.3.6 Reduce the volume of the eluata with a gentle stream of
filtered dry nitrogen.. When the volume of the eluate is about
1 to 2 mL, transfer the eluate to the Carbopack column
(Section 11.4.4). ftinse the eluate container with tvo 0.5
mL portions of hexane; transfer the rinses to the Carbopack
column. CAUTION: Do not evaporate the sample extract to
dryness. NOTE: The carbopack cleanup is not required for
water samples unless needed to meet detection sensitivity
criteria.

11.4 Carbopack Column Chromatography Procedure

11.4.1 Thoroughly mix 3.6 g of Carbopack C (or equivalent) with
16.4 f of Celite 545 (or equivalent) In a 40 mL vial and
activate by heating in an oven at 130*C for 6 hours.
Store in a desiccator. CAUTION: Check each new batch of
mixed Carbopack/Celite to ensure TCDO recovery of >50Z.
Subject the low level concentration calibration solution to
this procedure and measure the quantity of labeled and
unlabeled 2,3,7,8-TCDD.

11.4.2 Insert a small plug of glass wool into a disposable
pipet approximately 15 cm long by 7 mm 0.0. Apply
auction with a vacuum aspirator attached to the pointed
end of the pipet, and add the Carbopack/Celite mixture
ant11 a 2 cm packing is obtained.

11.4.3 fre-elute the column with:

11.4.3.1 2 mL toluene

11.4.3.2 1 mL of mixture of 7SZ (by volume) methylene
chloride, 20Z methanol and SZ benzene

11.4.3.3 1 mL of 50Z (by volume) cyclohexane and 30Z
methylene chloride

11.4.3.4 2 mL of hexane

11.4.4 While the column is still wet with hexane add the sample
extract from section 11.2.6. Elute the column with tb*
following sequence of solvents and discard the eluates.
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11.4.4.1 2 mL hcxane

11.4.4.2 1 mL of 302 (by volume) cyclohexanc and 502 aechylene
chloride

11.4.4.3 1 mL of 73X (by volume) methylene chloride. 202
methsnol aad 5Z benzene

11.4.5 Ilutc with 2 mL of toluene aad collect the elutate, which
coatains the TCDO. Transfer the rinses to a 1-mL amber mini-

. ———xlal with coalcal reservoir with further coacentratlon as
necessary. CAUTION: Do not evaporate the aaaple extract to
dryness.

11.3.6 Store the saaple extract la the dark at 4*C until just before
CC/MS analysis.

^.5 CC/MS Analysis

11.3.1 Remove the saaple extract or blaak from storage aad allow it
to warm to ambient laboratory temperature. With a stream of
dry, filtered nitrogen, reduce the extract/blank volume to
aear dryness. Immediately before CC/MS analysis, add 3 uL of
the 10 ng/uL recovery standard solution aad adjust the extract
or blank volume to 30 uL with iaooctane.

11.5.2 Inject a 2-uL aliquot of the extract iato the CC, operated
under conditions previously used (Section 9) eo produce
acceptable results with the performance check solution.

11.3.3 Acquire mass spectral data for the following selected
characteristic ions: m/s 259, 320, and 322 for unlabeled
2,3,7,8-TCDD: a/z 328 for 37Cl4-2,3.7,8-Tt3)0; aad m/s 332
aad 334 for 13Cj2-2,3,7,8-TCDD aad "CJ2-1.2,3,4-
TCDD. Pee the same data acquisition time aad MS operating
eoaditioaa previously used (Section 9.2.6} to determine
respoase factors.

11.6 Identification Criteria. VOTE: lefer to Exhibit E, Sectioa 7, for
applicatioa of Identification criteria*

11.6.1 let eat ion time (at maximum peak height) of the sample com-
ponent must be within 3 seconds of the retention time of
the *3Cj2-2,3,7,8-TCDD. Intention times are required for
•11 ehromatograms, but scaa numbers are optional. These
parameters should be printed aext to the appropriate peak.

11.6.2 The lategrated loa currents detected for m/z 239, 320. »oo
322 must maximize simultaneously. If there are peaks th«t
will affect the maximization or euantltation of peaks of
interest, attempts should be made to narrow the acan window
Co eliminate the interfering peaks. This should be report*d
on a separate chromatogram.
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11.6*3 The integrated too current for each analrte and lurrogact
compound ion (B/X 239, 320, 322 and 328) Bust be at least 2.5
times background noise and Bust nee have taturaccd the
detector; internal standard iona (m/z 332 and 334) ausc be at
lease 10 tlaea background noise and «ust not have saturated
Cba detector. t

11.6.* Abundance of integrated ion counts detected for m/z 320 must
be >67Z and <90Z of integrated ion counts detected for m/z
322?

11.6.3 Abundance of integrated -ion counts detected for m/z 332 must
be >67Z and <90Z of integrated ion counts detected for m/z
33*7

11.6.6 The recovery of the internal standard ̂ 0̂ -2,3,7,8-100 should
be vithin a *0 percent to 120 percent recovery window. This
is an advisory limit only, an action window may be set when
sufficient data is available.

12. CALCULATIONS

12.1 Concentration

12.1.1 Calculate the concentration of 2,3,7,8-TCOD using the formula:

A* • Qls
Cx Ala . 1FB . W

vhere C, • 2,3(7,8-100 concentration in ug/kg or ug/L

AS •. the SUB of integrated ion abundance
detected for B/X 320 and 322

• the SUB of integrated ion abundances
detected for B/X 332 and 334
(characteristic iona of
,̂-2,3,7,8-100, the internal

standard)

• quantity (in ng) of 13C12-2.3.7,8-TOD added
to the sample before extraction

• calculated Bean response factor for
ualabeled 2,3,7,8-TOO relative to
r3Cl-2-2.3.7.8-TOO

V • vclght (in g) of vet soil or sediment
or volua* of water extracted (in aL).

D - 27



12.1.2 If the calculated concentration of unlabeled 2,3,7,8-TCOD
exceeds 100 ug/kg for soil/sediaent oc 1 ug/L for water, which
,1* tlM aaxiaua concentration of the eoactatracion calibration
solutions, the linear raage aay have been axcttdad, and a
•mallar aliquot of Chat saaple suit be analyzed. Accurately
weigh to three significant figures • 1-g aliquot of the wee
aoll/sediaent or aeasure • 100 aL aliquot of water. Add the
1.3 aL acetooe dllutioa of 100 oL of the tuple fortification
•olutioa (Sectloa 7.8), just aa for the larger aaaple aliquot.
Extract aad analyze.

12.1.3 Calculate the toacaatration of the Internal standard
uCi2-2,3,7,8-TCDD n«lng the fonula:

Ala
n

where

• coaceatratloa of Cj2-2,3,7,8-TCDD in ug/kg
or ug/L

• sua of Integrated.ton abundances for a/z
332 aad 334 for 13C12-2,3,7,8-TCDD

• sua of Integrated.Ion abundances for a/z
332 aad 334 for *JC12-1,2,3,4-TO>D

Qra • quantity (ia ag) of 13C,2-1,2,3,4-TCDD added
Co the aaaple before Injection

**1 • calculated a*an respoaae factor for ̂C12-
1,2,3,4-TCDO

V « weight (ia f) of wet aoil or sediment
•aaple or voloa* of water extracted (ia
at).

12.2 Eatlaated Naxiaua Possible Coaeeatratioa — For aaaples la which no
unlabeled 2,3,7,8-TCOD waa detected, calculate the eatiaated
auuciaua poasible eoeceatratioa, which is the concentration required
to produce a signal with peak height of 2.3 tlaes the backgroi-n'l
algnal level. .The background level Is determined by aeasuring tne
range of the aoi*e (alalaua to aaxiaua) for either a/z 320 or 122
la the appropriate regioa of the SIC? (aa defined la section 1>
3.11), aultiplylag that aoise height by 2.5, and relating the
product height to an eatiaated concentration that would produce
that product height.

Use the formula:



^

2.3
. w

where MFC - estimated maxlaua possible conce'ntration of unlabeled
2,3,7,8-TQD required to produce A* la ug/kg or ug/i.

AX • peak height for either u/z 320 or 322 vithin * 3
. ————— _. . .scans of the internal standard peek ueed to Beasure

Ais • peek height of the appropriate ion characteristic of
the internal standard, •/« 332 when «/z 320 is used
to determine Ag, and B/Z 33* when m/r 322 is used
to determine AX

, IF and V retain the definitions previously stated in
Section 12.1.1

12. 6 The relative percent difference (XPD) is calculated as follows:
(See Section 5.1.1, Exhibit E.)

RPD - Si - 82 J * 100 • |sl *2 | x 100

Mean Concentration sl + *2

sl and S2 represent saaple and duplicate saaple results.

12.6 Percent lecoverv of 2,3,7,8-TCDO ia spiked field blanks -

concentration found
X 100

concentration added

12.7 Percent lecoverv of internal standard,'*'c,,-2,3,7,8-TCDD
* •

concentration found
————————————— » 100
concentration added

fl
12.8 Standard deviation • S • \1 J

12.9 Percent relative standard deviation »

Standard Deviation S
————————————— x 100 - - x 100

Mean X

0 - 2 9
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APPENDIX IV

t
Tetra-Octa COO/CDF Scan Quantitation Protocol and Analytical Standards

- Minimal Requirements for Bidders

Analytical Standards

- 2378 TCOD, 13C12. 37C14 .

- 2378 TCDF
- Mixture of TCOD isomers to verify column resolution *

- OCOO, 13C12-OCOD '

- Mix of Penta CDO/CDF,.Hexa COO/CDF, Hepta CDO/CDF to establish
RT windows for spiking. Co*+if*^*« c*Ubc*t.»*s n«.*-t- bt u».H>.A

Ouantitation

Quantitate TCOO. TCOF, Penta COO. Penta COF, Hexa COO. Hexa COF

against 13C12-2378-TCDO

(Quantitate TCOF, Penta CDF, and Hexa COF -against 13C12-TCDF,
Quantitate Hepta COO, Kepta COF, OCOO, OCOF against 13C12-OCOD
Qualify data as "estimated" concentrations with tentative identifications unless
you have access to pure Isomer standards (i.e., all 38 TCOF Isomers, etc.)

'
* Column resolution should meet Oioxin IF8 WA04-AOOC criteria i.e. 255
valley* or lower between 2,3,7,8-TCDD and it's nearest neighbor in SIC
display (Appendix VII) .



APPENDIX V

DELIVERABLE* REQUIRED FOR 6C/MS DIOXIN/FURAN ANALYSIS
•

A. SAMPLE PRE?A"RTTTUN 'AND METHOD DOCUMENTATION
(1) "Cookbook* style ste?*by-step method Including Instrument/condl-

, type and source of reagents.
.

(2) Analyst bench records describing dilutions, weighings and any
unusual occurrences during prep, extraction or clean up.

(3) Calculations and method used 1n determination of percent 11p1ds
and percent -sol.lds (where applicable).

B. DIOXIN/FURAN oilANTITATION AND IDENTIFICATION DOCUMENTATION
• •

(1) Detailed explanation of the quant 1tat1 on and Identification proce-
dure used for til Isoner classes and specific Isomers.

• ' • ' « • • .
(2) List of criteria for positive Identification of 2,3,7,8-TCOO

and 2,3,7,8-TCDF.

• (3) Example calculations of response ratios, sample results and detection
. limits. k

(4) Simultaneous display/offset SICs and peak areas of native,
and ^14-2. 3,7, 8-TCDO 1n all samples and QC. Including blanks.

(5) Simultaneous display/offset SICs and peak areas of Ions monitored
for each PCOO/PCOF class. ' •

• (7) List of exact 1on masses for each 1 some r/ class, current and
historical response factors and retention times for positive ID.

(8) Simultaneous display/ off set SICs to check for pol /chlorinated
dlphenyl ethers which may co-el ute with the furans.

(9) Simultaneous display/offset SICs of H/Z 257. 259 in samples with
positive 2, 3, 7, 8-TCOO content.

(10) Simultaneous display/offset SICs and peak areas of Ions monitored.
for all standards used, for each PCOO/PCOF class. Include a
l ist ing of response ratios, 1on ratios and amount of tacn standard
used. * •••

" ^ ALL



APPENDIX VI

PCnn/PCDF Concentration (PPT) >s Dry Weight
CASE f

ISOMER
OR

IIOHOLOG
2..3.7.B-TCDF
i;Cl-2,3.7.8-TCnF
1 Recovery

ngJ'Cl-Z.J.y.B-TCDf
Added

Total TCDFS
Total Penta CDFs
Total llexa CDFs
Total llopta CDFs
OCOF

Z,3.7.0-TCnn
^'cl-J.s^.o-Tcnn
It Recovery

ng3'f.l-2,3,7,8-TCnb
Added

Tdtal Tetra CPDs
Total Penta CDns
124679 & I246U9
IfcCWI

123679 1 123609
ikcnn

123469 HfiCnn
123470 lUCnO
l?K7fl HfiCDO
123467 X 123709
iificnn

Total iifiCnnsJ7ci-i2347fl H7cnn
1 Recovery

no3/Cl-l23247fl
H7Cnn Added
1234679 ll;Cnn
i23i6?n ii;cnn
TOTAL ll;Cnn
nrnn
3/CI-nrDD IRecovery
ng3;Cl-nCDI) Added

DATE: (ALIQUOT UT.
I (9)

Samp.l

DATE: I ALIQUOT UT,
I (g)

Samp.l
PRECISION AS

RPD

•

•

PRECISION
LIMITS

COMMENTS

•

•

.

• *
•

•

•

.'

.

i

,



-APPENDIX- VII

OS-SI MOSS SCAM REPOir. lUNi CCHIKCfffl

« TIC
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\JL

2371

1478

1234
8P-2330

1278

1267

)at iff 42*
l l l l l l l l l l l l l l l l
44* «if 4lf Sff &?•

Figure 2. Selected ion current profile for •/! 320 end 322 produced by MS annly.fa of perfor»«nce check
•olutlon uflng • 60-» SP-2330 fufed flllci capillary colimn and comlltlnna llateil In Tol.lc I.
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Figure 3. Selected ion current* profiU for •/• 320 and 322 produced \>y MS analyala of performance check
aolutlon ualng • Sfl-a CP-SIL BB fuaed ailica capillary colnan anil conditions listed In Tali Ie I,



U.S. Environmental Protection Agency
CLP Sample Management Office
P. 0. Box 818, Alexandria, Virginia 22313
PHONE: (703)7557-2490 or FTS/557-2490

SAS Number

SPECIAL ANALYTICAL SERVICES
Client Request

x
Regional Transmittal Telephone Request

_„. „ . „ WW Engineering § ScienceA. EPA Region/Client: EPA Region V_________________* __________

B. RSCC Representative; Jan Pels____________________________________
C. Telephone Number: 312/ 353-2720____________________________________

D. Date of Request: _____________________________________________
E. Site Name: Skinner Landfill - West Chester, Ohio______________________

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability
your request, please address the following considerations, if applicable. Incomplete or
erroneous information may result in delay in the processing of your request. Please contint
response on additional sheets, or attach supplementary information as needed.

1. General description of analytical service requested: Analysis of high hazard waste
samples for Ultimate Analysis. This includes carbon, hydrogen, sulfur, nitrogen, ash,

and oxygen by ASTM methods.____________________________________________

2. Definition and number of work units-involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

58 High hazard waste samples.__________________________________________

Includes duplicates and blanks.

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):

Superfund - Remedial Action



r
- 2 -

4. Estimated date(s) of collection:

5. Estimated date(s) and method Of Shipment:, Daily by overnight carrier._________

6. Number of days analysis and data required after laboratory receipt of samples:
Laboratory should report results within 50 days after receipt of samples.

7. Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):
Ultimate Analysis by ASTM D3176. This includes carbon and hydrogen by ASTM D51"
nitrogen by ASTM D3179, sulfur by ASTM D3177, ash by ASTM D3174. and oxygen bv_____

difference (ASTM D3176, Section 6.5). (see attached)

3. Special technical Instruction (If outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):_______________________

Samples may be toxic/flammable.

Analysis must be performed in conjunction with the Proximate Analysis SAS for this project

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc;). If not completed, format of results will be
left'-to program discretion.
Supply copies of all raw data, bench sheets, sample calibration, and QA/QC for____

each procedure. All records must be legible and sufficient to recalculate sample

_values._________________________________________________________

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of s ampl ing / sh ipp ing contact; Bob Phi l l ips

Phone: 616/ 942-9600



3.

I. DATA REQUIREMENTS

Parameter:

Sulfur

Carbon/Hydrogen

Nitrogen

Ash

Oxygen

II. QC REQUIREMENTS

Detection Limit

less than 1%

less than 1%

less than 1%

less than 1%

less than 1

Precision Desired
(+» or Cone.)

+. 20%__________

*_ 20%

+_ 20%

^ 20%

by difference \A

Audits Required

Blanks

Duplicates

:.'oS Standard

Reference Manual

Frequency of Audits

1 per 10 samples

1 per 10 samples

1 per 10 samples

Limits* (t or Cone.)

less than 1%

+ 20%

+ 20% of true value

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED;

Rerun sample if blanks or duplicates exceed QC limits. Rerun entire set if
reference material exceeds QA/QC limits.

Contact: Jan Pels 312/ 353-2720 or Chuck Elly 312/ 353-9087

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.
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Designation: D 3176 - 84

Standard Method for
Ultimate Analysis of Coal and Coke1

This standard a iswed under the fixed designation D1176: the number immediately foUowina the destination indicates the year of
ohfina] adoption or. in the ate of revision, the ye«r of la* revision. A number in parentheses indicates the year of last reapprovai. A
superscript epsilon («) indicates an editorial change since the UM revision or reapproval.

1. Scope
1.1 This method covers the term ultimate analysis as it is

applied to the analysis of coal and coke. The information
derived is intended for the general utilization by applicable
industries, to provide the basis for evaluation, benefkiation,
or for other purposes.

1.2 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents
2.1 ASTM Standards:
D346 Method of Collection and Preparation of Coke

Samples for Laboratory Analysis2

D2013 Method of Preparing Coal Samples for Analysis2

D 2234 Methods for Collection of a Cross Sample of Coal2
D2361 Test Method for Chlorine in Coal2
D2795 Test Methods for Analysis of Coal and Coke Ash2

D 3172 Method for Proximate Analysis of Coal and Coke2

D 3173 Test Method for Moisture in the Analysis Sample
of Coal and Coke2

D3174 Test Method for Ash in the Analysis Sample of
Coal and Coke from Coal2

D3177 Test Methods for Total Sulfur in the Analysis
Sample of Coal and Coke2

O3178 Test Methods for Carbon and Hydrogen in the
Analysis Sample of Coal and Coke2

D 3179 Test Methods for Nitrogen in the Analysis Sample
of Coal and Coke2

D 4239 Test Method for Sulfur in the Analysis Sample of
Coal and Coke using High Temperature Tube Furnace
Combustion Methods2

3. Significance and Use
3.1 Summarizing the ash content and the content of the

organic constituents in a specific format under the heading,
L'ltimate Analysis, provides a convenient and uniform
system for comparing coals or cokes. This tabulation used
with that of Proximate Analysis (Methods D 3172) permits
cursory valuation of coals for use as fuel or in other

' This method is under the jurisdiction or ASTM Committee D-5 on Coal and
Coke and is the direct responsibility of Subcommittee 003.21 on Methods of
Analysis.

Current edition approved March 30. 1984 Published May 1984. Originally
published as D 3176-74. Last previous edition D 3176-74 (1979).

J Annual Book of ASTM Standards. Vol 05.0$.

carbonaceous processes and of cokes for metallurgical pur-
pose.

4. Definition
4.1 ultimate analysis—in the case of coal and coke, the

determination of carbon and hydrogen in the material, as
found in the gaseous products of its complete combustion,
the determination of sulfur, nitrogen, and ash in the material
as a whole, and the calculation of oxygen by difference.

Non I—The determination of phosphorus or chlorine is not by
definition a put of the ultimate analysis of coal or coke. See Test
Method D 2361 for the determination of chlorine and Test Methods
D 279S for the determination of phosphorus.

NOTE 2—Moisture is not by definition a part of the ultimate analysis
of coal or coke but must be determined in order that analytical data may
be convened to bases other than that of the analysis sample.

Nan 3—Inatrmirti as some coals contain mineral carbonates, and
practically all contain day or shale containing combined water, a part of
the carbon, hydrogen, and oxygen found in the products of combustion
may arise from these mineral components.

5. General Requirements
5.1 Coal sample collection shall be in accordance with

Methods D 2234, and sample preparation shall be in accord-
ance with Method D 2013. Coke sampling and preparation
shaO be in accordance with Method D 346.

6. Specific Requirements
6.1 Carbon and Hydrogen—The carbon and hydrogen

determination shall be made in accord with Test Method
D3178.

6.2 Sulfur—The sulfur determination shall be made in
accordance with Test Method D 3177 or-B^BP.

6.3 Nitrogen—The nitrogen determination shall be made
in accordance with Test Method D 3179.

6.4 Ash—The ash determination shall be made in accord-
ance with Test Method D 3174.

6.5 Oxygen—There being no satisfactory direct ASTM
method of determining oxygen, it shall be calculated by
subtracting from 100 the sum of the other components of the
ultimate analysis. The result so obtained is affected by errors
incurred in the other determinations of the ultimate analysis
and also by the changes in weight of the ash-forming
constituents on ignition. By definition, oxygen calculated as
a weight percentage of the analysis sample according to this
procedure does not include oxygen in the mineral matter or
in the ash, but does include oxygen in the free water
(moisture) associated with the analysis sample. See Section 7
of this method for calculating and reporting results on other
bases.

303
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TABLE 1 Proe^utw for ConvMtfng A«-OM«nnifMd VahM* to OflMr B««M

ftapcrting BM» As-0ottrrnin«d* Dry «„ and Ot, ndudt « md 0» in «„ and On, do not ndudt H
Motture (Mv) and 0* ai M»

Aan
Carton
NitroQan (̂
SuMur

No comcuw ($M

(H)

OxyBan(Oi)

NO Ow»rffcil*}J14 (Saa
method)

O*m -100-A^-C*-HM

100

H. -(«..-0.1119JU.J
/ too

*l-

•„ -P..X(m-U"\
\100 - Mj

sama as column at left

\vu=_\
-«J \100- U

+ 0.1119M.
100-

Ox, - (0»M - OJW1A/J
. too \

xlioo-»»J

or
flh.-100-A.-C.-h-.

On. - [(Or.. - 0.8881WJ Ozv - (O*m - O.S881M.J

-

* OJS1M.

•Alp. idonai
Hytliuyan aod oxyQan raportad on aa^alafnviad baatt Indudv hydiuyan and oxyoavi In IHM moiatufa aaaodatad wMh analyvia sampla.

e UMTMMM nraeM^m am ahown. ddahng on «• baaM o» wnMnar hydrooan and oxygan in nw ffloinura ara Ineludad or an not ncfcidad in tha raport valuas A
foomota or otnar maana should ba anpjoyad to indcata flw

" To convart raaults to a moiattjra-comaining Da** Of
Mw r\ tn* aquation*.

at tor exampla aquatriun capacity mototura. subatttuta tna appropriata mattun valut for

6.6 Moisture—Tbt moisture determination shall be made
in accordance with Test Method D 3173.
7. Calculating and Reporting Rooits

7.1 The results of an ultimate analysis may be reported on
any of a number of bases, differing from each other in the
manner by which moisture is treated.

12 To avoid ambiguity and to provide a means for
conversion of data to bases other than the reported basis, it is
essential that except for data reported on a dry basis, an
appropriate moisture content be given in the data report.

7.3 It is recommended that for data reported on the
as-received basis (or any other moist basis) a footnote or
some other means be employed in the report to indicate
whether the hydrogen and oxygen values reported do include
or do not include the hydrogen and oxygen in the free water
(moisture) associated with the sample.

7.4 Procedures for converting ultimate analysis sample
data to other bases are presented in Table 1.

7.4.1 Symbols used in Table 1 are:
M - moisture, weight %,
P -a symbol used interchangeably in the table to refer to

ash, or carbon, or nitrogen, or sulfur, weight %,
H « hydrogen, weight %, and
Ox - oxygen, weight %.

7.42 Subscripts used in Table I are:
ad - as-determined from analysis sample,
or - as received or any other moisture-containing basis

(that is, equilibrium capacity moisture basis, as-
shipped moisture basis, bed moisture basis) if the
appropriate moisture value is substituted for Mv in
the formulae, and

d * dry basis.
7.4.3 Hydrogen and oxygen on the as-determined basis

include hydrogen and oxygen in free water (moisture)
associated with the analysis sampe. However, hydrogen and
oxygen values reported on other moisture-containing bases
may be reported either as containing or as not containing the
hydrogen and oxygen in water (moisture) reported on that
basis. Alternative conversion procedures are shown in Table
1.

7.5 An example of ultimate analysis data tabulated for a
hypothetical coal on various bases is given in Table 2.

8. Reprodocibllify of Results
8.1 The permissible differences between two or more

determinations shall not exceed the values given in Table 3

304
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TABLE 2 Utttmalt Analysis Data
As-Ottsnnnsd As-Raotiv«d Bam

Test Paramttar Hyorogan and oxygsn nduos
H and Ox n tamo*

moisture (M.J

Dry Basis
indudt M and O* n sampt*

Hydrogan and oxygen do
not ndudt H and Oi m
sampta moaturt (M,)

latt

3 .1

Carton. w«gm %
Hydrogsn. w*gnt*
mtrogsn. weight *
Sulfur, wwgfrt *
A$n. i»sigm«
Oiygsn. n»gni * (by JHsisima)
Total %
Total moatura, « sight * (at-nMsKw
Moaturt waqht * (sarnpHi as-dstsr wad)

60.01
5.44
O.M
0.73
7.M

25.01
100.00

9.00

66.02
4.87
0.97
0.80
0.64

18.70
100.00

46.86
6.70
0.69
0.57
6.13

39.05
100.00
(29.02)

46.86
346
0.69
0.57
6.13

1327
70.98
29.02

Total % 100.00

881MJ
(Ar-Ory Loss in accordant* with Mttfxxl 0 2013 - 22.00 %)

TABLE 3 Precision

Sam
Laboratory

: values. A

e value (or

Sutur
Coal. unoarZ*
CoaLo«ar2«
Cokt

Carton

Aaft
Not
CarMnat** prasant
Coals with mort dvn 121 ash.

containing earOonam and

0.05
0.10
0.03
OJ
0.07
0.05

O2
OJ
04

0.10
OX
0.05

0.3
0.5
1.0

if the
Mv in

;d basis
oisture)
gen and
ig bases
rung the
on that
n Table

id for a

•' more
Table 3.

wiW any «am mtrtionta m ttUt
paftnf (fuftfs. and ens ASA o/

U»trs oT tf* ctandkrtf art •rprttsiy aovistd tfnJ daNnnini
of awcft (Jî Mi, art wUttty tnair own /vsponsibMy.

anotthi rtfctty of any suc/i

This standard it subftcr lo nmiston at any ttnt oy tf»t r«spons<Wt Ite/mies/ canvniMt and mat bt rvatwid tnry Kvt yttr* tnd

ano1 3ftould 09 adoVacaatf fo AsTM MaadQua/tsrs. Xour cofnmants MnV notton cartnj/ oonsMaraoon at a /nssffrio. of fftt rasponsio t̂
(tcnnicaf eommtfrs*. wnien you may amnd. tf you Utaf Mar your commans ntvt not n*eaA«d a Mr naanng you inouM makt your
vwwi ftnown to tnt ASTM CommiRta on SHndardt, »9T« Raet St., PtHltOtlpni*. PA 19103.
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Designation: D 3177 - 84

Standard Test Methods for
Total Sulfur in the Analysis Sample of Coal and Coke1

Thu standard it owed under the Hud designation D 3I77; the number immediately foltowint. the destination indicates the year of
orifinal adoption or, in the CMC of revision, the ytar of laa revision. A number in parentheses indicates the year of last rcapproval. A
supencript epaton (<) indicates an edhoriaJ chance since the lax revision or reapprovaL

1. Scope
1.1 These test methods cover two alternative procedures

for the determination of total sulfur in samples of coal and
coke. Sulfur is included in the ultimate analysis of coal and
coke.

1.2 The procedures appear in the following order

Method A—Eachka Method
Method B—Bomb Washing Method

• 109
10 M 11

i .3 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.
Specific precautionary statements are given in Sections
11.1.1 to 11.1.1.7.

2. Referenced Documents
2.1 ASTM Standards:
D346 Method of Collection and Preparation of Coke

Samples for Laboratory Analysis3

D 1193 Specification for Reagent Water1

D 2013 Method of Preparing Coal Samples for Analysis2

D 2015 Test Method for Cross Calorific Value of Coal and
Coke Fuel by the Adiabatic Bomb Calorimeter1

D 3173 Test Method for Moisture in the Analysis Sample
of Coal and Coke2

D 3176 Method for Ultimate Analysis of Coal and Coke2

D3180 Method for Calculating Coal and Coke Analyses
from As-Determined to Different Bases2

D 3286 Test Method for Gross Calorific Value of Coal and
Coke by the Isoperibol Bomb Calorimeter2

E 144 Recommended Practice for Safe Use of Oxygen
Combustion Bombs4

3. Summary of Methods
3.1 Eschka Method—A. weighed sample and Eschka mix-

ture are intimately mixed and ignited together. The sulfur is
dissolved in hot water and then precipitated from the
resulting solution as barium sulfate (BaSO4). The precipitate
is filtered, ashed, and weighed.

1 The* tot methods are under the jurisdiction of ASTM Committee D-5 on
Coal and Coke and are the direct responsibility of Subcommittee DOS-21 on
Methods of Analysis.

Current edition approved Jan. 27. I9«4. PubUahtd March I9S4. Orifiully
published u D 3177 - 73. Laa previous edition D 3177 - SI

: Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards. Vol 11.01.
4 Annual Book of ASTM Standard]. Vol 14.02.

3.2 Bomb Washing Method— Sulfur is precipitated as
BaSO4 from oxygen-bomb calorimeter washings, and the
precipitate is filtered, ashed, and weighed.

4. Significance and Use
4.1 Determination of sulfur is, by definition, pan of the

ultimate analysis of coaL
4.2 Sulfur analysis results obtained by these methods are

used to serve a number of interests: evaluation of coal
preparation, evaluation of potential sulfur emissions from
coal combustion or conversion processes, evaluation of the
coal quality in relation to contract specification, and other
purposes of commercial or scientific interest.
5. Sample

S.I The sample shall be the material pulverized to oass
No.60(250-um)sieve. Weigh and record the per
cent passing through the sieve.

53 A separate portion of the analysis sample should be
analyzed for moisture content in accordance wj*' "«i
Method D3173, so that calculation to other tl .he
as-determined basis can be made.

5.3 Procedures for converting as-determined sulfur values
obtained from the analysts sample to other bases are de-
scribed in Method D 3176 and Method D 3180.

5.4 Standard Reference Material (SRM), such as SRM
Not. 2862 through 2685—Sulfur in Coal5 which consist of
four different coals that have been individually crushed and
ground to pass a 60-mesh sieve, and bottled in 50-g units, or
other commercially available reference material coals with
certified sulfur content of ±0.0xx precision can be use
Sulfur values obtained by analyzing these coals, using any of
the methods described in this test method, may be used for
checking the accuracy of analytical results.

ALTERNATIVE PROCEDURES
METHOD A—ESCHKA METHOD

6. Apparatus
6.1 Gas (Note I) or Electric Muffle Furnace, or Burners

for igniting the sample with the Eschka mixture and for
igniting the barium sulfate (BaSO4).

NOTE 1—Gas may contain sulfur compounds.
6.2 Crucibles or Capsules—Porcelain capsules, V» in. (11

mm) in depth and 1 % in. (44 mm) in diameter, or porcelain
crucibles of 30-mL capacity, high or low form, or platinum
crucibles of similar size shall be used for igniting the

9 Available from the Office of Standard Reference Materials, Room B3iJ

Chemistry Blda,. National Bureau of Standards. Washington. DC 20234.
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with the Eschka mature. Porcelain, platinum, alundum, or
silica crucibles of 10 to 15-mL capacity, shall be used for
igniting the BaSO4.

7. Reagents
7.1 Purity of Reagents—Reagent grade chemicals shall be

used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Committee on Available Reagents of the American Chem-
ical Society, where such specifications are available.6 Other
grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use without
lessening the accuracy of the determination.

7.2 Purity of Water—Unless otherwise indicated, refer-
ences to water shall be understood to mean reagent water,
Type IV, conforming to Specification D 1193.

7.3 Barium. Chloride Solution (100 g/L)—Dissolve 100 g
of barium chloride (BaO2-2H2O) and dilute to 1 L with
water.

7.4 Eschka Mixture—Thoroughly mix 2 parts by weight
of light calcined magnesium oxide (MgO) with 1 part of
anhydrous sodium carbonate (Na2CO}). Both materials
should be as free as possible from sulfur. Eschka mixture is
also available commercially.

7.5 Hydrochloric Acid (1+1)—Mix equal volumes of con-
centrated hydrochloric acid (HO, sp gr 1.19) and water.

7.6 Hydrochloric Acid (\+9)—Mix 1 volume of concen-
trated hydrochloric acid (HG, sp gr 1.19) with 9 volumes of
water.

7.7 Methyl Orange Indicator Solution (0.2 g/L)—Dissolve
0.02 g of methyl orange in 100 mL of hot water and filter.

7.8 Sodium Carbonate. Saturated Solution—Dissolve ap-
proximately 60 g of crystallized sodium carbonate
(Na2COj- lOHjO) or 22 g of anhydrous sodium carbonate
(Na2COj) in 100 mL of water, using a sufficient excess of
Na2CO3 to ensure a saturated solution.

7.9 Sodium Hydroxide Solution (100 g/L)—Dissolve 100
g of sodium hydroxide (NaOH) in 1 L of water. This solution
may be used in place of the Na2CO3 solution.

8. Procedure
8.1 Preparation of Sample and Mixture— Thoroughly mix

on glazed paper approximately 1 g of the sample, weighed to
nearest 0.1 mg and 3 g of Eschka mixture. The amount of
sample to be taken will depend on the amount of BaCl2
solution required in accordance with 8.3. Transfer to a
porcelain capsule, or porcelain crucible, or a platinum
crucible and cover with about 1 g of Eschka mixture.

8.2 Ignition—Heat the crucible over an alcohol, gasoline,
or gas flame as described in 8.2.1, or in a gas or electrically
heated muffle as described in 8.2.2 for coal and in 8.2.3 for
coke. The use of artificial gas for heating the sample and the
Eschka mixture is permissible only when the crucibles are
heated in a muffle.

• "Reagent Chemicals. American Chemical Society Specification," Am. Chem-
ical Soc.. Washington. DC. For sufjenions on the teninf of reagent) not lined by
the American Chemical Society, see "Reagent Chemicals and Standards." by
Joseph Rosin. D. Van Nostrand Co.. Inc.. New York, NY, and the -United States
Pharmacopeia."

8.2.1 Open Flame—Heat the crucible, placed in a slanting
position on a triangle, over a very low flame to avoid rapid
expulsion of the volatile matter that tends to prevent
complete absorption of the products of combustion of the
sulfur. Heat the crucible slowly for 30 min, gradually
increase the temperature, and occasionally stir until all black
particles have disappeared, which is an indication of the
completeness of the procedure.

8.2.2 Muffle (Coal)—Place the crucible in a cold-vented
muffle and gradually raise the temperature to 800 ± 25'C in
about 1 h. Maintain this maximum temperature until, on
stirring, all black particles have disappeared (about 1'/: h).

8.2.3 Muffle (Coke)—Place the crucible in a warm-vented
muffle (about 200*C) and gradually raise the temperature to
800 ± 25*C in about 30 min. Maintain this maximum
temperature until, on stirring, all black particles have disap-
peared.

8.3 Subsequent Treatment—Remove the crucible and
empty the contents into a 200-mL beaker and digest with
100 mL of hot water for '/: to V< h, while stirring occasion-
ally. Decant the solution through filter paper, retaining as
much insoluble material in beaker as possible. Thoroughly
wash the insoluble matter in the beaker with hot water. After
several washings in this manner, transfer the insoluble matter
to the filter and wash fivg times with hot water, keeping the
mixture well agitated Jvlake the filtrate, amounting to about
250 mL, just neutral* to methyl orange with NaOH or
Na2CO3 solution; then add 1 mL of HCL (1+9). Boil and
add slowly from a pipet, while stirring constantly, 10 mL or
more of BaO2 solution. The BaG2 solution must be in
excess. If more than 10 mL of BaO2 solution is required,
reduce the weight of sample to about 0.5 g and repeat the
ignition and digestion. Continue boiling for 15 min and
allow to stand for at least 2 h, or preferably overnight, at a
temperature just below boiling. Filter through a fine ashless
piper, such as Whatman No. 42 or similar, and wash with
hot water until 1 drop of silver nitrate (AgNOj) solution
produces no more than a slight opalescence when added to 8
to 10 mLof filtrateTJ

8.3.1 Place the wet filter containing the precipitate of
barium sulfate (BaSO«) in a weighed platinum, porcelain,
silica, or alundum crucible, fold the paper loosely over the
precipitate to allow a free access of air but prevent spattering.
Smoke the paper off gradually in a muffle furnace and at no
time allow to burn with flame. After the paper is practically
consumed, raise the temperature to approximately 800 ±
50"C and heat to constant weight Weigh the barium sulfate
to the nearest 0.1 mg.

8.4 Blanks and Corrections—In all cases, a correction
must be applied. The preferred method of correction is by
the analysis of a weighed portion of a standard sulfate using
the prescribed reagents and operations in full compliance
with the standard. It is acceptable but less accurate to make
corrections by running a reagent blank in duplicate using
procedures exactly as described in Section 9 of the standard,
using the same amount of all reagents that were employed in
the routine determination. If the standard sulfate analysis
procedure is carried out once a week, or whenever a new
supply of a reagent is used, for a series of solutions covering
the approximate range of sulfur concentrations in the
samples, it is only necessary to add to or subtract from the
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weight of BaSO4 determined Tor the sample, the deficiency or
excess found by the appropriate "check" determination. This
is more accurate than the simple reagent blank because, for
the amounts of sulfur in question and the conditions of
precipitation prescribed, the solubility error for BaSO4, is
probably the largest one to be considered. Barium sulfate is
soluble7^ in acids and pure water, and the solubility limit is
reached almost immediately on contact with the solvent
Hence, if very high-purity reagents are used or extra precau-
tion is exercised, there may be no sulfate apparent in the
"blank." In other words, the solubility limit for BaSO4 has
not been reached or, at any rate, not exceeded; consequently,
some sulfate in the sample may remain in solution or
redissolve.

9. Calculation
9. 1 Calculate the sulfur content as follows:

Sulfur. *, in the analysis ample - '3'73>

where:
A «
B -
C -

grams of BaSO4 precipitated,
grams of BaSO4 correction, and
grams of sample used.

METHOD B—BOHB WASHING METHO&

10. Reagents
10.1 Purity of Reagents— (Set 7. 1.)
10.2 Purity of Water— (Set 12.)
10.3 Ammonium Hydroxide (sp gr 0.90) — Concentrated

ammonium hydroxide (NHUOH).
10.4 Hydrochloric Add (\+\\-(Set 1.1.)
10.5 Sodium Carbonate Solution— Dissolve 20.90 g of

anhydrous sodium carbonate (NajCOj) in water and dilute
to 1 L, The Na2CO, should be previously dried for 24 h at
105*C.

10.6 Wash Solution— DQvus 1 mL of a saturated solution
of methyl orange to 1 L with water.

11. Procedure
11.1 Ignition — Sulfur is determined in the washings from

the oxygen-bomb calorimeter following the calorimetric
determination (Test Method D 2015 «•••). The type of
bomb, amount of water in the bomb, oxygen pressure, and
amount of sample taken shall be the same as specified in the
calorimetric determination (Test Method D2015 or
MlsVI> The bomb shall stand in the calorimeter water for
not less than 5 min after firing.

11.1.1 Caution — The foDowing precautions are recom-
mended for safe calorimeter operation. Additional precau-
tions are given in Recommended Practice E 144.

11.1.1.1 The weight of coal or coke sample and the
pressure of the oxygen admitted to the bomb must not
exceed the bomb manufacturer's recommendations.

J Journal of il^Amtaem Clumieat Sodoy, JACSA, Vol 32.1910. p. 5U; Vol
33. 1911. p. 129.

' Selvit, w. A, and Fiddacr. A. C -Check Dewrmiutions of Sulfur in Coil
uxj Coke by the Ejchka, Bomb-Wnhint and Sodium Peroxide Fuaon Methods.*
Industnol ami Engintmnt Chemian: JECHA. Vol 29. 1927. pp. 729-733.

11.1.1.2 Carefully inspect bomb parts after each use
Frequently check the threads on the main closure fo- v
Replace cracked or significantly worn pans. Reti \t
bomb to the manufacturer occasionally for inspection and
possibly proof firing.

11.1.1.3 Equip the oxygen supply cylinder with an ap-
proved type of safety device, such as a reducing valve. m
addition to the needle valve and pressure gage used m
regulating the oxygen feed to the bomb. Valves, gages, and
gaskets must meet industry safety code. Suitable reducing
valves and adaptors for 300 to 500-psi (2070 to 3440 KPai
discharge pressure are obtainable from commercial sources
of compressed gas equipment Check the pressure gage
periodically for accuracy.

11.1.1.4 During ignition of a sample, the operator must
not permit any portion of his body to extend over the
calorimeter.

11.1.1.5 Exercise extreme caution when combustion aids
are employed so as not to exceed the bomb manufacturer's
recommendations and to avoid damage to the bomb. Do non
fire loose fluffy material, such as unpelleted benzoic acid.
unless thoroughly mixed with the sample.

11.1.1.6 Admit oxygen slowly into the bomb so as not to
blow powdered material from the crucible.

11.1.1.7 Do not fire the bomb if it has been filled to
greater than 30 atm (3 MPa) pressure with oxygen, the bomb
has been dropped or turned over after loading, or there is
evidence of a gas leak when the bomb is submerged in the
calorimeter water.

11.2 Subsequent Treatment—Remove the bomb f the
calorimeter water and open the valve carefully so as» .aow
the gases to escape at an approximately even rate so the
pressure is reduced to atmospheric in not less than 1 min.
Bombs equipped with valves other than needle valves, such
as compression valves, shall be provided with a device so the
valve can be controlled to permit a slow and uniform release
of the gases. Open the bomb and examine the inside for
traces of unburned material or sooty deposit If these are
found, discard the determination. Wash carefully all parts r
the interior of the bomb, including the capsule, with a fine jtS^
of water containing methyl orange (10.6) until no acid
reaction is observed. It is essential to wash through the valve
opening in the case of bombs equipped with compression
valves, -or other types of valves with large openings, as
considerable spray may collect in such valve openings.

11.3 Collect the washings in a 250-mL beaker and titrate
with standard sodium carbonate solution (10.5) to obtain the
"acid correction" for the heating value, as specified under the
calorimetric determination Test Method D 2015 «*MiW
Adjust the pH from 5.5 to 7.0 with dilute NH4OH, heat the
solution to boiling, and filter through a qualitative paper.
Wash the residue and paper thoroughly five or six times with
hot water. Adjust the acidity of the filtrate and washings.
amounting to about 250 mL, precipitate, and determine the
sulfur as specified under the Eschka method, Sections 6

19,inclusive. Begin analysis at Section
use of 1-g sample weight in the calorimetric

determination produces an excess amount of sulfate that it be
precipitated by die addition of 10 mL of barium chloride solu ither-
of the foOowinf alternatives may be used: (/) increase the amount of the
bmruim chloride solution from 10 mL in increments of 5 mL up to a
maximum of 20 mL of solution, or (2) reduce the amount of sample
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from I to 0.5 g and add 0.5 g of benzoic acid in older to maintain
appropriate temperature rise JO the precision of the gross calorific value
determination is not adversely affected.

12. Report
12.1 The percentage sulfur value obtained using any of

the described methods is on an as-determined basis.
12.2 The results of the sulfur analysis may be reported on

any of a number of bases, differing from each other in the
manner by which moisture is treated.

12.3 Use the percentage of moisture as determined by
Test Method D 3173 to calculate the as-determined results
from the analysis basis to a dry basis.

12.4 Procedures for converting the value obtained on the
analysis sample to other bases are described in Methods
D 3176 and D 3180.

13. Precision and Bias
13.1 Repeatability—Results of two consecutive determi-

nations carried out on the same sample in the same

laboratory by the same operator using the same apparatus
should not differ more than the following in more than 5 of
100 instances:

Cod containinj test than 2 % sulfur
Coal coauinini 2 * sulfur or more
Coke

0.05
0.10
0.03

13.2 Reproducibility—The means of results of duplicate
determinations carried out by different laboratories on
representative samples taken from the same bulk sample
after the last stage of reduction should not differ by more
than the following in more than 5 of 100 instances:

Coal coBtaioinf lea than 2 % sulfur
Coal contaijiat 2 % sulfur or more
Cote

0.10
0.20
0.05

13.3 Bias—These are stoichiometric methods that agree
with each other very well when known amounts of solutions
or compounds containing predetermined quantities of sulfur
(preferably as sulfate) are added to blanks determined as
described in 8.4.

Thi American Scatty tor Ttttlng and Mattrfaft latat no pottfen mptcOng (ft* *wl<ay at *iy r*twx rtorn tn*nd in correction
with any 4an) tntnttontd in iMt Hundtro". {/tars of Iftit sttndtftf ant npftuty aovjaao* tfiaf t1ottittiifi§ttnif\ of tht vatfdtfy of any jucn
pafanf nghu, ano* tht risk of mtringttntnt of aucn /4pMs, ana afdratfy tnair own raaponaib/ity.

77* tttndtri it Mbyte*to nmnVon at any ttne by th» f t md mat o» rtvifwta avary »Va year* ma
tnotrtvatct. oHhor rttpprwoa or wHnOrmni. Your eamnmn in ImM ithtr for rtatton ol Oto ittno^ or for BMMoriit MtnOvOa
me ihouU o» aUUMMtf to ASTM HMOquonmn. Your earamtt war /icafec earaM ccnaMaratton M a /mating of CM naaponaio't
ttcrrtc* eommUtt. wMen you /nay aMno*. » you foU thtt your command nave not racafratf a tor Homing you inouta /nata your
viowi toown »tho ASTH Comma* an Stmiatrat. t919 Otot St. PMMapiia, PA 19103.
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Designation: D 3178 - 84

Standard Test Methods for
Carbon and Hydrogen in the Analysis Sample of Coal
and Coke1

This standard it iatued under the ftxad decifnation D 3I7I; the number immediately following the destination indicates the year of
original adoption or, in the cue of revnion, the year of It* revision. A number in parentheses indicates the year of last reapproval. A
supencripl epcOon (<) indicates an editorial chanae since the laa revision or reapprovaL

1. Scope
1.1 These test methods cover the determination of total

carbon and hydrogen in samples of coal or coke. Both the
carbon and hydrogen are determined in one operation. This
test method yields the total percentages of carbon and
hydrogen in the coal as analyzed and the results include not
only the carbon and hydrogen in the organic matter, but also
the carbon present in mineral carbonates and the hydrogen
present in the free moisture accompanying the sample as weffl
as hydrogen present as water of hydntion of silicates.

NOTE 1—It is rfcogniTfd that certain technical applications of the
data derived from this test procedure may justify additional corrections.
These corrections could involve compensation for the carbon present at
carbonates, the hydrogen of free moisture accompanying the sample,
and the calculated hydrogen present as water of hydration of silicates.

1.2 When data are converted and reported on the "dry"
basis, the hydrogen value is corrected for the hydrogen
present in the free moisture accompanying the sample.

1.3 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.
2. Referenced Documents

2.1 ASTM Standards:
D346 Method of Collection and Preparation of Coke

Samples for Laboratory Analysis2

D 1193 Specification for Reagent Water3

D 2013 Method of Preparing Coal Sample for Analysis2

D 3173 Test Method for Moisture in the Analysis Sample
of Coal2

D 3176 Method for Ultimate Analysis of Coal and Coke2

D3180 Method for Calculating Coal and Coke Analyses
from As-Determined to Different Bases2

3. Sample
3.1 The sample shall be the material pulverized to pass

No. 60 (250-tim) sieve and well mixed i

' That test methods are under the jurisdiction of ASTM Committee D-5 on
Coal and Coke and are the direct responsibility of Subcommittee D05.2I on
Methods of Analyst.

Current edition approved March 30. I9S4. Published May 1914. Oripnally
published as D 3PS-73. Lan previous edition D 3I7S-73 (1979).

1 Anaal Book of ASTM Sundardi, Vol 05.05.
1 Annual Book of ASTM Standards, Vol 11.01.

Weigh and record the percent passing
through the sieve.

3.2 The test sample should be weighed just prior to
commencing the analysis to minimize chance for moisture
change. A change in moisture content would introduce error
in the hydrogen analysis. In order to provide the data
necessary to correct for the hydrogen present in the moisture
and ensuing final calculations of both the hydrogen and
carbon, a separate sample should be weighed out at the same
time for a moisture analysis, and analyzed in accordance
with Test Method D 3173.

TOTAL CARBON AND TOTAL HYDROGEN
4. Summary of Method

4.1 The determination of carbon and hydrogen is made
by burning a weighed quantity of sample in a closed system
and fixing the products of combustion in an absorption train
after complete oxidation and purification from interfering
substances. This test method gives the total percent? if
carbon and hydrogen in the coal as analyzed, and in .&
the carbon in carbonates and the hydrogen in the moisture
and in the water of bydration of silicates.
5. Significance and Use

5.1 Carbon and hydrogen values are used to calculate the
amount of oxygen (air) required in combustion processes,
and in the calculations of efficiency of combustion processes.

5.2 Carbon and hydrogen determinations are used in
material balances on coal conversion processes; also one or
the other is frequently used in correlations of chemical and >
physical properties, such as yields of products in liquefaction,
reactivity in gasification, and the density and porosity of
coal
6. Apparatus

6.1 Oxygen Purifying Train, consisting of the following
units arranged as listed in the order of passage of oxygen:

6.1.1 First Water Absorber—A container for the solid
dehydrating reagent It shall be so constructed that the
oxygen must pass through a column of reagent adequate to
secure water equilibrium equal to that secured in the
prescribed absorption train. A container of large volume and
long path of oxygen travel through the reagent will be found
to be advantageous where many carbon and hydrogen
determinations are made.

6.1.2 Carbon Dioxide Absorber—A container for solid
carbon dioxide absorbing agent. It shall be construct"4 35
described in 6.1.1 and shall provide for a column of i '
adequate to remove carbon dioxide completely.
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K—Our Haed quartz section (apttonel) wh«n a translucent quartz UM is used.
g—Cupric end* IMng.
C—l*ad ctroman or Hver «ng.
P,. P,, or P,—owSzed copper geuze plugs.

Non—Al dineraiont are given in cendtneuei. When furnace section* longer man twee apscMed in 93 are w be used, change] r\ me *bov« ovnensiora snai b* m
iccordance witfi me provieicna of Note S.

FKL 1 Arrangement of Tub* flBngs for Combuetion Tub*

6.1.3 Second Water Absorber, same as specified in 6.1.1
6.2 Flowmeter, used to permit volumetric measurement

of the rate of flow of oxygen during the determination. It
shall be suitable for measuring flow rates within the range
from 50 to 100 raL/min (standard temperature and pres-
sure). The use of a double-stage pressure-reducing regulator
with gage and needle valve preceding the first water absorber
is recommended to permit easy and accurate adjustment of
the rate of flow.

6.3 Combustion Unit—The combustion unit shall consist
of three electrically heated furnace sections, individually
controlled, which may be mounted on rails for easy move-
ment; the upper part of each furnace may be hinged so that it
can be opened for inspection of the combustion tube. The
three furnace sections shall be as follows:

6.3.1 Furnace Section 1, nearest the oxygen inlet end of
the combustion tube, approximately 130-mm long and used
to heat the inlet end of the combustion tube and the sample.
It shall be capable of rapidly attaining an operating temper-
ature of 850 to 900*C (Note 2).

6.3.2 Furnace Section 2, approximately 330 mm in length
and used to heat that portion of the tube filled with cupric
oxide. The operating temperature shall be 850 ± 20*C (Note
2).

6.3.3 Furnace Section 3, approximately 230 mm-long,
and used to heat that portion of the tube filled with lead
chromate or silver. The operating temperature shall be 500 ±
50*C.

NOTE 2—Combustion tube temperature shall be measured by means
of a thermocouple placed immediately adjacent to the tube near the
center of the appropriate tube section.

6.3.4 Combustion Tube—The combustion tube shall be
made of fused quartz or high-silica glass4 and shall have a
nominal inside diameter which may vary within the limits of
19 to 22 mm and a minimum total length of 970 mm. The
exit end shall be tapered down to provide a tubulated section
for connection to the absorption train. The tubulated section
shall have a length of 20 to 25 mm, an internal diameter of
not less than 3 mm, and an external diameter of approxi-
mately 7 mm. The total length of the reduced end shall not
exceed 60 mm. If a translucent fused quartz tube is used, a

I
* Vycor nas been found satisfactory for this purpose.

transparent section 190-mm long, located 250 mm from the
oxygen inlet end of the tube, will be found convenient (see
Fig.1).

6.3.5 Combustion Boat—This shall be either glazed por-
celain, fused silica, or platinum. Boats with internal dimen-
sions of approximately 70 by 8 by 8 mm have been found
convenient.

6.4 Absorption Train—The absorption train shall consist
of the following units arranged as listed in the order of
passage of oxygen:

6.4.1 Water Absorber, having a capacity for 45 cm3 of
solid reagent and a minimum length of gas travel through the
reagent of 80 mm.9

6.4.2 Carbon Dioxide Absorber—If solid reagents are used
for carbon dioxide absorption the container shall be as
described in 6.4.1. If a solution is used, the container shall be
a Vanier bulb.

6.4.3 Guard Tube—A container as described in 6.4.1.

7. Reagents
7.1 Purity of Reagents—Reagent grade chemicals shall be

used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Committee on Analytical Reagents of the American Chem-
ical Society, where such specifications are available.* Other
grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use without
lessening the accuracy of the determination.

7.2 Purity of Water— Unless otherwise indicated, refer-
ences to water shall be understood to mean Type IV reagent
water, conforming to Specification D 1193.

7.3 Oxygen, 99.5 % purity or better (Note 6).
7.4 Combustion Tube Reagents:
7.4.1 Cupric Oxide (CuO), wire form, dust-free.
7.4.2 Fused Lead Chromate, (PbCrOJ approximately

2.38 to 0.84 mm size.

1 Gtttvnoppered containers such t> the Nesbitt, Schwara U-tube and the
Suucr-Nonon bulbs have been found satisfactory.

* "Reagent Chemicals. American Chemical Society Specifications." Am. Chem-
ical Soc.. Washington, DC. For sutjestions on the testing of reatenu not lined by
the American Chemical Society, see "Reagent Chemicals and Standards." by
Joseph Rown. D. Van Nostrand Co.. Inc.. New York. NY. and the 'United Slates
Pharmacopeia."
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7.4.3 Silver Gauze, 99.9 % silver minimum purity, 0.84
mm. made from approximately No. 27 B&S gage wire.

7.4.4 Copper Gauze, 99.0 % copper minimum purity,
0.84 mm made from approximately No. 26 BdcS gage wire.

7.5 Purification and Absorption Train Reagents:
7.5.1 Water Absorbent—Anhydrous magnesium per-

chlorate (Mg(CO4)2) of approximately 2.38 to 0.35 mm size.
NOTE 3—Trade names of the reagents ire Anhydrone and

Dehydrite.
7.5.2 Carbon Dioxide Absorbent—If a solid reagent is

used, it shall be sodium or potassium hydroxide (NaOH or
K.OH) impregnated in an inert carrier of approximately 2.38
to 0.84 mm size. Use of soda lime in place of the above or in
admixture with them is permissible (Note 4). If a solution is
used, it shall be 30 weight % potassium hydroxide (KOH).

NOTE 4—Trade name* of the sodium and potatiium hydroxide
permissible solid carbon dioxide absorbing patents are Ascarite,
Caroxite. and Mikohbite. If soda lime is used in admixture with any of
the foregoing, it should not exceed 30 weight % of the total reagent In
using Ascarhe it may be necessary to add a few drops of water to this
reagent to assure complete absorption of carbon dioxide.

8. Preparation of Apparatus
8.1 Combustion Tube Packing—To ensure complete oxi-

dation of combustion products and complete removal of
interfering substances such as oxides of sulfur, the combus-
tion tube shall be packed with cupric oxide and lead
chromate or silver. The arrangement and lengths of the tube
fillings and separating plugs shall be as shown in Fig. 1. It is
recommended that the tube be placed in a vertical position
(constricted end downward) for packing. When fining the
tube with lead chromate, any residual reagent adhering to the
walls of the empty portion of the tube must be removed.
When silver is used as a tube filling, the required length of
filling may be prepared conveniently from three or four
strips of silver gauze 150 to 200-mm long, by roDing each
strip into a cylindrical plug and inserting the strips end-
tc-end in the tube.

NOTE S—Longer furnaces with appropriate lengths of tube packing
will be satisfactory.

8.2 Absorption Train:
8.2.1 Water Absorber—* container is filled with a per-

missible solid desiccant by adding the required amount in
small portions and settling each portion by gentle tapping
between additions. A glass wool plug shall be placed between
the reagent and the absorber outlet to prevent loss of reagent
"dust".

8.2.2 Carbon Dioxide Absorber—If a solid reagent is used
for the retention of carbon dioxide, the absorber shall be
filled as described in 8.2.1. A layer or "cap" of desiccant shall
be placed in the outlet section of the container and shall be
the same as that-used in the water absorber. This layer shall
have a bulk volume not less than one fourth nor more than
one third of the combined volume of both reagents. If a
liquid absorbent is used, the inner tube of the Vanier bulb
shall be filled with the same desiccant used in the water
absorber. A glass wool plug shall be placed in the outlet
section of the container to prevent loss of reagent "dust".

8.2.3 Guard Tube, packed with equal volumes of the
water absorbent and a solid carbon dioxide absorbent.

8.2.4 Connections—To ensure a closed system from the
supply tank of oxygen to the guard tube at the end of the
absorption train, it is recommended that all connections b\
glass-to-glass or glass-to-quartz bun joints with short lengths
of flexible tubing as seals. The connection between the
purification train and the combustion tube may be made b\
means of a rubber stopper or other suitable device. All
connections shall be gas tight No lubricant shall be used For
making tubing connections in the absorption train.

8.3 Conditioning of Apparatus:
8.3.1 Newly Packed Combustion Tube—Bum a sample or

coal or coke as described in 9.4 except that the products of
combustion need not be fixed in a weighed absorption train

8.3.2 Used Combustion Tube—After any extended shut
down, one day or more, test the combustion train under
procedure conditions, but without burning a sample, for 40
min with weighed absorption bulbs connected. A variation of
not more than 0.5 mg of either bulb shall be considered
satisfactory.

Non 6—If the blank tests for flow indicate interfering impurities in
the oxygen supply by consistent weight-gain in the absorption bulbs.
eliminate these impurities by using a prebeater furnace and tube. Tilled
with cupric oxide. Operate this preheater fumaceeiat 850 ± 20*C and
insert in series between the supply tank of oxygen and the purification

8.3.3 Absorption Train—Condition freshly packed ab-
sorber and guard tubes by burning a sample of coal or coke
as described in 9.4 except that tube weights need not be
determined.

8.3.4 Standard Checks shall be made frequently, particu-
larly when intermittent use of the combustion train is
common or when any changes have been made in the
system. A standard substance of certified analysis, such as
benzoic acid or sucrose as furnished by the National Bureau
of Standards shall be burned as described in Section 9. A
variation from the theoretical of not more than 0.07 % for
hydrogen nor more than 0.30 % for carbon shall be consid-
ered satisfactory.
9. Procedure

9.1 After the combustion tube and absorbers have been
conditioned as prescribed in Section 8, conduct the test as
follows:

9.2 Absorption Train—Bring the absorption tubes to
room temperature near the balance for 15 to 20 min, vent
momentarily to the atmosphere, wipe with a chamois or
lint-free cloth in the areas where handled, and weigh to the
nearest 0.1 mg.

9.3 Sample—Weigh approximately 0.2 g (weighed to tfr
nearest 0.1 mg) of air-dry sample ground to pass a No. 6t
(250-um) sieve into a combustion boat

9.4 Sample Analysis—With furnace (6.3.2 and 6.3.3) *
specified temperatures and positioned as shown in Fig. >
perform the following operations in rapid succession in th<
order listed;

9.4.1 If a conventional type of sample heating furnace i1
used for heating (6.3.1), place it so that its left-hand edge '•
about 100 mm from the oxygen inlet end of the combustiof
tube.

9.4.2 /
3 F

af jxirr
9.4.4 C

of 50 to
being the

9.4.5 f
an opera
possible,
complete:
heating (t
to remain
then shut
original p
tube for 1
pressure c
the absor
cool to re
tarily to
cloth in
nearest 0
rtcomme:
boat be e
present, *

NOTE 7-
ulation ma\
that it is cor
Conditions
sai—'- $hai:; »-
co. ->tion
external or
recommend
during this I

10. Calcui
> 10.1 Ca
analysis sa

where:

312



D 3178

ies of the
*r

f the
•nd ot the
ictions by
>rt lengths
:ween the
: made by
evice. All
e used for

sample of
oducts of
ion train.
ided shut
.in under
le, for 40
nation of
insidered

i purities in
lion bulbs,
tube, filled
t 20'C and
'unficauon

:ked ab-
I or coke

particu-
train is

.- in the
such as

! Bureau
on 9. A
)7 % for
consid-

ve been
; test as

jbes to
m. vent
•nois or
- to the

i to the
No. 60

.3.3) at
Fig. 1,

-. in the

—.a.cf is

9.4.2 Attach the weighed absorption train to the tube:
9.4.3 Push the sample boat into the tube to a point within

approximately 20 mm from plug Pt;
9.4.4 Cose the tube and adjust the oxygen flow to a rate

of 50 to 100 mL/min (standard temperature and pressure)
being the same as used in blanking (see 8.3.2).

9.4.5 Apply full heat to heating section No. 1 to bring it to
an operating temperature of 850 to 900*C as rapidly as
possible. Move the heater slowly toward the boat so that it
completely coven the boat and is brought into contact with
heating (6.3.2) in a period of 10 to 20 min (Note 7). Allow it
to remain in this position for an additional 5 to 10 min and
then shut off the heat and return the sample heater to its
original position. Continue to the flow of oxygen through the
tube for 10 min (Note 8), close the absorbers under a positive
pressure of oxygen, and detach them from the train. Remove
the absorbers to the vicinity of the balance, allow them to
cool to room temperature for 15 to 20 min, vent momen-
tarily to atmosphere, wipe them with a chamois or lint-free
cloth in the areas handled, and finally weigh them to the
nearest 0.1 mg. While the absorbers are cooling, it is
recommended that the ash remaining in the combustion
boat be examined for traces of unburned carbon which, if
present, will nullify the determination.

NOTE 7—Some variation in operating technique and beater manip-
ulation may be permitted here at the discretion of the analyst, provided
that it is conducive to a gradual and controlled release of volatile matter.
Condition* that lead to visible buminf (flame combustion) of toe
sample shall be avoided.

NOTE 8—Since water may condense in the cooler outlet end of the
combustion tube or in the inlet arm of the water absorber, toe use of an
external or internal heat conducting device (a metal heat bridge) is
recommended to prevent such condensation or promote reevapontion
during this flushing period.

10. Calculations
10.1 Calculate the percentage of carbon (Note 9) in the

analysis sample as follows:
Carbon, % - (A x 27.2S9)/J

where:

A - increase in weight of CO2 absorption bulb, g, and
B - grams of sample used.

NOTE 9—It is mrogniTrd that formation of oxides of nitrogen during
the combustion procedure may lead to slightly high results for carbon.
However, extensive study of this effect by five laboratories led to the
conclusion thai error so incurred would not be significant in commercial
application. In certain research applications, where accuracy of a higher
order is required, means of removing oxides of nitrogen prior to water
and carbon dioxide absorption should be included.

10.2 Hydrogen—Calculate the percentage of hydrogen in
the analysis sample (Note 10) as follows:

Hydrogen, %- (Cx H.l9)/5
where:
B • grams of sample used, and
C « increase of weight of water absorption bulb. g.

NOTE 10—The water absorbed in the water absorption tube includes
not only water formed as a product of combustion, but also free water
(moisture) in the sample and water of hydration of any clay minerals

at.

11. Report
11.1 The results of the carbon and hydrogen analysis may

be reported on any of a number of bases, differing from each
other in the manner by which moisture is treated.

11.2 Use the percentage of moisture in the sample passing
a No. 60 (250-um) sieve to calculate the results of the
analysis sample to a dry basis.

11.3 Procedures for converting the values obtained on the
analysis sample to other bases are described in Methods
D 3176 and D 3180.

12. Precision and Bias
12.1 The permissible differences between two or more

determinations shall not exceed the following values:
Repmabilhy. % Repreducibiliiy. %

Carbon 0.3
Hydrogen 0.07

12.2 The bias of this test method cannot be determined at
this time.
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Designation: D 3179 - 84

Standard Test Methods for
Nitrogen in the Analysis Sample of Coal and Coke1

This standard a issued under the fixed designation D 3I79-, the number immediately following the designation indicates the year of
original adoption or, in the cue of revision, the year of bat revision, A number ia parentheses indicates the year of laa reapprovaJ. A
superscript epdon (<) indJcales aa editorial change since the lad revision or retpprovaL

1. Scope
1.1 These test methods cover the determination of total

nitrogen in samples of coal and coke. The analytical data
from these test methods are to be reported as pan of ultimate
analysis where ultimate analysis is requested. If ultimate
analysis is not requested, the value is to be reported
according to the request. Two methods are included as
follows:

Method A—KjeMahJ-Gunning Micro Analysis, with aa aternativ
technique inducted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Mtihod B— Kjeldahl-Gunning Semi-Mien Determination . . . .
9tol<

17 to 23

1.2 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents
2.1 ASTMStandards:
D 121 Definitions of Terms Relating'to Coal and Coke2

D 346 Method of Collection and Preparation of Coke
Samples for Laboratory Analysis2

D1193 Specification for Reagent Water*
D 2013 Method of Preparing Coal Samples for Analysis2

D 3173 Test Method for Moisture in the Analysis Sample
of Coal and Coke2

D 3176 Method for Ultimate Analysis of Coal and Coke2

D3I80 Method for Calculating Coal and Coke Analyses
from As-Determined to Different Bases2

E 380 Metric Practice4

3. Summary of Methods
3.1 In these procedures, nitrogen is converted into ammo-

nium salts by destructive digestion of the sample with a hot,
catalyzed mixture of concentrated sulfuric acid and potas-
sium sulfate. These salts are subsequently decomposed in a
hot alkaline solution from which the ammonia is recovered
by distillation and finally determined by alkalimetric or
acidimetric titration.

' Thae lest methods an under the jurisdiction of ASTM Committee D-5 on
Coal and Coke and are the direct responsibility of Subcommittee 005.21 on
Methods of Analysis.

Current edition approved March 30. 19S4. Published May I9M. Originally
published asD 3179-73. Last previous edition D 3179-73(1979).

: Annual Book of ASTM Standards. Vol 05.03.
1 Annual Book of ASTM Standards. Vol 11.01.
'Annual Boots of ASTM Standards. Vol 14.02. Excerpts appear in the fray

pages of all ine volumes.

4. Significance and Use
4.1 Nitrogen results obtained by these test methods are

required to fulfill the requirements of the ultimate analysis.
Test Method D 3173. Also, results obtained may be used to
evaluate the potential formation of nitrogen oxides as a
source of atmospheric pollution.

4.2 Nitrogen data are used in comparing coals and in
research. When the oxygen content of coal is estimated by
difference, h is necessary to make a nitrogen determination.
5. Definitions

5.1 For definitions of terms used in these test methods.
refer to Definitions D 121. For an explanation of the metric
system including units, symbols, and conversion factors, see
Standard E 380.
6. bterferences

6.1 No significant interferences have been determined
using these procedures. However, strict adherence is neces-
sary when using these nitrogen procedures to obtain d
reproducible results.
7. ReageMs

7.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Committee on Analytical Reagents of the American Chem-
ical Society, where such specifications are available.9 Other
grades may be used, provided it is first ascertained that the
reagent is of sufficient purity to meet its use without
lessening the accuracy of the determination.

7.2 Water—Unless otherwise indicated, references to
water shall be understood to mean Type II reagent water.
conforming to Specification D 1193.
8. SampHng and Preparation

8.1 The sample shall be the material pulverized to pass
No. 60 (250-fim) sieve. Weigh and record the
percent passing through the sieve.

8.2 A separate portion of the analysis sample should be
analyzed for moisture content in accordance with Test
Method D 31 "3, in order to allow calculation of the
as-analyzed data to other bases.

' 'Reagent Chemicals. American Chemical Society Specifications." Am P—n-
ical Sec. Washington. DC. For suggestion! on the testing of reagents not 1
the American Chemical Society, see "Reagent Chemicals and Standan.
Joseph Rosin. D. Van Nostraod Co.. Inc.. New York. MY. and the "United Sum
Pharmacopeia."
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METHOD A—MACRO-NITROGEN DETERMINATION WTTH
ALTERNATIVE METHOD INCLUDED

9. Scope and Application
9.1 This test method describes a macro procedure for the

determination of nitrogen in both coal and coke, by two
alternative procedures. In both procedures, a 1 g sample is
digested with a hot catalyzed mixture of concentrated
sulfuric acid and potassium sulfate, which converts the
nitrogenous compounds to ammonium salts. The salts are
then decomposed in a hot alkaline solution, releasing the
ammonia, which is then distilled into either standard sulfu-
nc-acid or boric-acid solution and finally determined by
alkalimetric or acidimetric titradon.

10. Apparatus
10.1 Digestion Unit—An electrically heated digestion

rack or a gas burner, either type of heater shall be provided
with adequate means of control to maintain digestion rates
as described in 12.1. It is essential that an electric digestion
rack provides adjustable controls to regulate desirable diges-
tion temperatures. To eliminate emission of sulfur-acid
fumes, the digestion process must be carried out under a
well-ventilated fume hood. Commercially made multiple-
unit digestion racks provided with fume exhaust ducts may
be used.

10.2 Digestion Flasks—Made of heat-resistant glass,6
having a capacity of 500 or 800 mL.

10.3 Distillation Unit—A suitable glass steam distillation
unit with a splash head to trap any entrained caustic soda
and also provided with adequate means of control to
maintain distillation rates as described in 12.1. Commer-
cially made multiple unit distillation racks provided with
water-cooled glass or block-tin condensers may be used.

10.4 Buret—Microburet graduated in 0.01 ml.. A 50 mL
microburet is needed for Method A.

10.5 Erlenmeyer Flask—Having a capacity of 250 to 300
mL.

10.6 Rubber Tubing—Sufficient for attaching condenser
to cooling water supply and drain.

10.7 Pipets—As required.

11. Reagents
11.1 Alkali Solution—Dissolve 8.0 g of potassium sulfide

(K:S) and 500 g of sodium hydroxide (NaOH) (Caotion-
Hazarti) in water and dilute to 1 L. The use of appropriate
amounts of sodium sulfide (Na2S) or potassium hydroxide
(K.OH) may be substituted (Note 1(J)).

11.2 Ethyl Alcohol (95 %)— Ethyl alcohol conforming to
Formula No. 30 or 2A of the U.S. Bureau of Internal
Revenue. Methyl alcohol may be used.

11.3 Mercury.
NOTE 1—Other satisfactory and permissible catalysts for the diges-

uon. together with the quantities of K2SO, required in their use are as
follows:

(/) Five grams of a mixture containing 32 parts by weight of K:SO4,
5 parts by weight of mercuric sulfate (HgSO4). and one pan by weight of
selenium.

• Borailicate (lass has been found satisfactory Tor this purpose.

(2) Three-tenths gram of mercuric selenite (HgSeO,) with 7 to 10 g of

(3) Three-tenths gram of cupric selenite dihydnte (CuSeOj-2H,O)
with 7 to 10 g of KjSO4. When this mixture is used, toe addition of a
sulSde to the alkali solution is not necessary.

1 1.4 Potassium Permanganate (KMnO4), crystals.
11.5 Potassium Sulfate (K2SO4), crystals.
11.6 Sucrose. National Bureau of Standards primary-

standard grade.
11.7 Sulfuric Acid (sp gr 1.84) — Concentrated sulfuric

acid (HjSO,) (Caution-Hazard).
11.8 Zinc, mossy or granular.

REAGENTS REQUIRED ONLY FOR
KJELDAHL-GVNNING METHOD

11.9 Methyl Red Indicator Solution (0.4 to 1 g/L)—
Dissolve 0.04 to 0.1 g of methyl red in 50 mL of 95 % ethyl
alcohol or methyl alcohol and add 50 mL of water.
Bromcresol green solutions to equal concentrations may be
used.

11.10 Sodium Hydroxide. Standard Solution (0.1 to 0.2
N) — Prepare and accurately standardize a 0.1 to 0.2 N
sodium hydroxide (NaOH) solution against a primary
standard.

11.11 Sulfuric Acid (0.2 AT)— Prepare and standardize a
0.2 N sulfuric acid (HjSOJ solution. The solution need not
be standardized against a primary standard.

11.12 Boric
aA (HjBO,) in
eforeuse.

11.13 MLuJf

(5( g/L)—Dissolve 5,
b iling water..

lining 0.125 % methyl red
5 % ethyl alcohol or
>lution at bimonthly^ntervals.
11.14 Sulfupe^Acid (0.1 to

itdy standardize a 0.1 to 0,
dutipflagainst a primary

«tlyl

stanc ird

F FOR ALTERNATIVE~~~~->

TO83
alcohol.

2 N}— Prepare
N sulfuric acid
.; hydrochloric acid (H(

cuuciBUdliuu may be sutiitiiuluL'

12. Procedure
12.1 Weigh approximately 1 g (weighed to nearest 1 mg)

of the analysis sample and carefully transfer into a 500 or
800-mL Kjeldahl flask containing 7 to 10 g of K2SO4 and 0.6
to 0.8 of mercury (Note 1). Add 30 mL of H2SO4 (sp gr 1.84)
to the mixture by pouring down the neck of the flask with
rotation, in order to wash any adherent sample material into
the mixture. Swirl the contents of the flask several times to
ensure thorough mixing and wetting of the sample. Incline
the flask at an angle of 45 to 60* on the digestion heater in a
fume hood (Note 2), and heat the contents to boiling;
controlling the heat so the H2SO4 vapors condense no more
than halfway up the neck of the flask. Continue the boiling
until all sample particles are oxidized, as evidenced by a
nearly colorless solution, or for at least 2 h after the solution
has reached a straw-colored stage. The total time of digestion
will require 6 h .

When the
digestion is completed and the solution has cooled, a few
crystals of KMnO4 are added to ensure complete
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oxidation; further heating may be necessary to destroy the
excess permanganate and decolorize the solution.

NOTE 2—When fume exhaust ducts or hoods ate oot available, *
Hengtr tube may be inserted ia the neck of toe flask.

Non 3—Addition of O.I | of chromic trioxkJe (CrOj) to the
digestion mixture has been found very helpful in reducing the time of
digestion for coke.

12.2 Dilute the cooled digestion mixture to about 300 mL
with cold water, and remove any heat of dilution by cooling
with water. Meanwhile, pipet into the 250 or 300-mL
Erlenmeyer flask, 20.0 mL of 0.2 N HiSO4 and add 6 drops
of methyl red or bromcresol green indicator solution. Attach
the glass connecting tube to the discharge end of the
condenser, using the short piece of rubber tubing as a seal.
Incline the Erlenmeyer flask at a suitable angle, and insert
this tube so that the end is immersed to the maximum depth
in the acid. Add 1 to 2 g of granular zinc to the mixture in
the Kjeldahl flask (two or three small pieces of mossy zinc is
used), and slowly add 100 mL of the alkali solution so that it
forms a distinct layer under the acid solution (Caatioo-
Hazard). This may be accomplished by inclining the flask at
an angle of 45 to 60* and pouring the alkali solution down
the neck. Failure to maintain discrete layers during this
operation may lead to loss of ammonia. Quickly connect the
flask to the distilling condenser through the Kjeldahl con-
necting bulb, and then swirl the contents to promote
thorough mixing.

12.3 Bring the contents of the Kjeldahl flask to a boil
carefully, in order to avoid violent bumping, and then distill
the ammonia over into the acid solution in the Erlenmeyer
flask. Continue the distillation at a m«imum rate of
approximately 350 mL/h until 150 to 175 mL of distillate
have been collected. Discontinue the boiling, and remove the
glass connecting tube from the condenser and Erlenmeyer
flask. Rinse the tube with distilled water, collecting the
washings in the Erlenmeyer flask, and then back-titrate the
excess acid with 0.1 to 0.2 tf NaOH solution.

12.4 Run a blank determination in the same manner as
described in 12.1 to 12.3 using approximately 1 g of sucrose
(weighed to the nearest 1 rag) as the sample material.

NOTE 4—Blank determination* must be made to comet for nitrogen
from sources other than the sample. A blank determination shall be
made whenever a new batch of any one marnt is used in toe analysis.

13. Calculation and Reporting
13.1 Calculate the percentage of nitrogen in the analysis

sample as follows:
Nitrogen, % - (B - A)N x 0.014/C x 100

where:
A - millilitres of NaOH solution required for titration of

the sample,
B - millilitres of NaOH solution required for titration of

the blank,
.V - normality of the NaOH solution, and
C - grams of sample used.
l > c c d u r e for Atternatj

as described in 12.1.
14.2 DgimW^tjika^igjjiJQnrnixture as described in

the 250orSnijnJL EnenSHylr flask approxi-

jly 20 mL of H3BO3 solution and 5 dwgWof mixed
indicator solution. Then proceed as descjloed in the re-
mainde^of 12.2.

14.3 until] the ammonia into the Hjtfbj solution exactly
as described^) 12.3 and finally titraj^he ammonia with 0.2

nk determk
14.3, i

14.4 Run a
described in 14. t
to the nearest 1 mi
4).

14.5 Calculate
the sample as ft
Nitrogen, %, in ̂ analysis
where:
A - milljlrires of HjSO4 reqi
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B - îllilitres of HjSO4 required for tit
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Lion of the blank.

15. Report
15.1 The results of the nitrogen analysis may be reported

on any of a number of bases, differing from each other in the
manner by which moisture is treated.

15.2 Use the percentage of moisture in the sample passing
a No. 60 (250-um) sieve to calculate the results of the
analysis sample to a dry basis.

15.3 Procedures for converting the value obtained on the
analysis sample to other bases are described in Methods
D 3176 and D 3180.

16. Precision ami Bias
16.1 The permissible differences between duplicate deter-

minations shall not exceed the following values in more than
5 of 100 instances.

Repoubility. Reproducibtlity,
% %

NHnata To be determined
162 The bias of this test method cannot be determined at

this time.

MI B—KJELDAHL-GUNN1NG SEMI-MICRO
NITROGEN DETERMINATION

17. Scope andMppIicatioB
17.1 The seinfcrnicro test method difJarY primarily from

the macro-methoa^n that smaller sizacfequipment is used.
smaller samples aivWoalyzed (0.1 •^compared with a 1.0-g
sample for the macro>liethods),j*nd ammonia is separated
from the alkalinized digwtionJnxture by steam distillation.
The same catalysts maViag used, although it is more
common to use a mixed/cubst in this test method. The
acid-base finish may btrusecOuit the boric acid finish is
more common.

18. Apparatus
18.1 Digeifon Unit—An electricaH^jeated digestion

rack withylflequate means of control tol&ntain digestion
rates as/Described in 20.3 on which the digestion flasks ma>
be sufJported at about a 35* angle.
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Designation: D 3174 - 82

Standard Test Method for
Ash in the Analysis Sample of Coal and Coke From Coal1

This standard is isued under the fixed designation D 3174; the number immediately following the destination indicates Die year of
ohfinal adoption or. in the ate of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (•) indicates an editorial change since the last revision or reapproval.

1. Scope
I. I This method coven the determination of the inor-

ganic residue as ash in the analysis sample of coal or coke as
prepared in accordance with Method D2013 or Method
D 346. The results obtained can be applied as the ash in the
proximate analysis. Method D3172, and in the ultimate
analysis. Method D3176. For the determination of the
constituents in ash, reference is made to Test Methods
D 2795 and D 3682. See Definitions D 121 for definition of
ash.

2. Referenced Documents
2.1 ASTM Standards:
D 121 Definitions of Terms Relating to Coal and Coke2

D346 Method of Collection and Preparation of Coke
Samples for Laboratory Analysis2

D 388 Classification of Coals by Rank2

D 1756 Test Method for Carbon Dioxide in Coal2
D 1757 Test Methods for Sulfur in Ash from Coal and

Coke2

D 2013 Method of Preparing Coal Samples for Analysis2

D 2795 Test Methods for Analysis of Coal and Coke Ash2

D 3172 Method for Proximate Analysis of Coal and Coke2

D 3173 Test Method for Moisture in the Analysis Sample
of Coal and Coke2

D 3176 Method for Ultimate Analysis of Coal and Coke2

D 3180 Method for Calculating Coal and Coke Analyses
from As-Determined to Different Bases2

D 3682 Test Method for Major and Minor Elements in
Coal and Coke Ash by Atomic Absorption2

3. Summary of Method
3.1 Ash is determined by weighing the residue remaining

after burning the coal or coke under rigidly controlled
conditions of sample weight, temperature, time, atmosphere,
and equipment specifications.

4. Significance and Use
4.1 Ash, as determined by this method, is the residue

remaining after burning the coal and coke. Ash obtained
differs in composition from the inorganic constituents
present in the original coal. Incineration causes an expulsion
of all water, the loss of carbon dioxide from carbonates, the
conversion of iron pyrites into ferric oxide, and other

1 This method is under the jurisdiction of ASTM Committee D-5 on Coal and
Coke and is the direct responsibility of Subcommittee 005.21 on Methods of
^nalysu.

Current edition approved March 3. 1981 Published May I9S2. Originally
Published as D 3174 - 73. Last previous edition D 3174-73 (1979).

: Annual Book of ASTM Standards. Vol 05.05.

chemical reactions. Ash, as determined by this method, will
differ in amount from ash produced in furnace operations
and other firing systems because incineration conditions
influence the chemistry and amount of the ash. References
for correcting ash results determined by this method to a
mineral-matter-free basis are listed in Method D 388, Sec-
tion 8, Qassification of Coal by Rank.

5. Apparatus
5.1 Electric Muffle Furnace for Coal or Coke (Note 1)—

For determination of ash of coal, the furnace shall have an
adequate air circulation and be capable of having its temper-
ature regulated at 700 to 750*C. The furnace shall be
equipped with a temperature indicator and means of control-
ling the temperature within prescribed limits. Means shall be
provided for maintaining air flow at a rate of 2 to 4 changes
per minute (see Figs. 1 and 2). Inlet and outlet ports shall be
located and arranged to distribute the air uniformly
throughout the furnace area without the possibility of
sweeping solid particles from the capsules. The temperature
over the entire working area of the furnace floor shall be
maintained within the specified temperature limits.

NOTE I—Combustion gases shall be vented from laboratory.
5.2 Porcelain Capsules, about Vi in. (22 mm) in depth,

and 1V> in. (44 mm) in diameter, or similar shallow dishes or
platinum crucibles.

5.3 Balance, sensitive to 0.1 mg.
5.4 Crucible Cover, aluminum, porcelain, or similar

covers.

6. Temperature Calibration
6.1 Place a preignited capsule with 1 g of sand at the

center of the working area of the furnace, and by the use of a
potentiometer and thermocouple or other suitable tempera-
ture measuring device measure the temperature of the sand
in the crucible. The crucible and sand should be at temper-
ature equilibrium with the furnace. There should be 2 to 4
air changes per minute moving throughout the furnace (the
air flow may be measured by using a wet-test meter or
equivalent calibrated at standard conditions for air con-
nected to the ceramic-pipe exhaust). Adjust the furnace
temperature until the potentiometer reads 750*C ± 10 and
then adjust or read the temperature on the indicating
pyrometer. Use this reading as the proper setting for control-
ling the furnace.

7. Procedure
7.1 Transfer approximately 1 g (weighed to the nearest 0.1

mg) of the thoroughly mixed sample (Note 2) to a weighed
capsule and cover quickly. An alternative way is to use the
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dried coal from the moisture determination in Test Method
D 3173. Place the capsule containing the sample in a cold
furnace and heat gradually at such a rate that the tempera*
ture reaches 450 to 50CTC in 1 h.

NOTE 2—The sample shall be the material pulverized to past No. 60
USO-mm) sieve in accordance with Method D 2013 or Method D 346.

7.2 Continue heating so that a temperature of 700 to
750*C is reached by the end of the second hour. Continue the
ashing at 700 to 750*C for two additional hours (Note 3).
Remove the capsule from the muffle, place the cover on the
capsule, cool under conditions to minimize moisture pickup,
and weigh.

NOTE 3—While the 4-h indneration interval described is sufficient
with most coals to reach a condition of complete burn-off, certain coke*
and nonreactive coals may require additional time. If unturned carbon
parades are observed, or if duplicate results are suspect, the camples
should be returned to the furnace for sufficient time to reach a constant
weight (* 0.001 |). By this means, pyritic sulfur win be oxidized and
expelled before the calcite is decomposed. An ample supply of air in the
muffle, "2 to 4 changes per minute," must be assured at all times to
ensure complete oxidation of the pyritic sulfur and to remove the SO2
formed. The 4-h time limit may be reduced if the sample reaches a
constant weight at 700 to 7JO*C in less than 4 h.

NOTE 4—Some samples may be encountered that contain a high
amount of carbonates (calcite) or pyrites, or both. In such cases sulfur

retained as sulfates may be both unduly high and nonuniform ber»«n
duplicate samples. In such cases suUate sulfur in the ash can be
determined in accordance with Test Methods D 1757 and the value
properly corrected. If such is done, the ash value should be reported and
designated both as determined and corrected.

8. Calculations
8.1 Calculate the ash percent in the analysis sample as

follows:
Ash in analysis sample, %"[(4- B)IC\ x 100

where:
A » weight of capsule, cover, and ash residue, g,
B «• weight of empty capsule and cover, g, and
C • weight of analysis sample used, g.
9. Report

9.1 For reporting analyses to other than as-determined
basis, refer to Method D 3180.
10. Precision

10.1 The following criteria should be used for judging the
acceptability of the results:

10.1.1 Repeatability—Duplicate results by the same labo-
ratory should not be considered suspect unless they differ by
more than the following percentages:
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10.1.2 Reproducibility—Results submitted by two or
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U.S. Environmental Protection Agency
CLP Sample Management Office
P. 0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SAS Number

SPECIAL ANALYTICAL SERVICES
Client Request

Regional Transmltta! Telephone Request

A. EPA Region/Client: Region V

B. RSCC Representative:

C. Telephone Number:

D. Date of Request:

E. Site Name:

WW Engineering 5 Science

Jan Pels

312/ 353-2720

Skinner Landfill - West Chester, Ohio

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability
your request, please address the following considerations, If applicable. Incomplete or
erroneous information may result In delay In the processing of your request. Please contim
response on additional sheets, or attach supplementary Information as needed.
1. General description of analytical service requested: Analysis of high hazard waste

samples for Proximate Analysis (moisture, volatile matter, fixed carbon) and Heating

Value by ASTM methods.

Definition and number of work units-Involved (specify whether whole samples or
fractions; whether organics or Inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):
58 high hazard waste samples.

Includes duplicates and blanks.

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):

Superfund - Remedial Action



r
- 2 -

4. Estimated date(s) of collection:
5. Estimated date(s) and method of shipment; Daily by overnight carrier.____________

6. Number of days analysis and data required after laboratory receipt of samples:
Laboratory should report results within 30 days.

7. Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):
Proximate Analysis by ASTM D3172. This includes moisture by ASTM D5175; volatile

matter by ASTM D3175, and fixed carbon by difference (ASTM D3172 Section 6.4).

Analysis of Heating Value by ASTM D2015. (see attached)____________

3. Special technical Instruction (1f outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):_____________________________
Samples may be toxic/flammable.

Analysis must be performed in conjunction with the ultimate Analysis SAS for

this project.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc;). If not completed, format of results will be
left to program discretion.
Supply copies of raw data, bench sheets, calibration results, sample and QA/QC data

for each procedure. All records must be legible and sufficient to recalculate sample

values.___________________________________________________________

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact; Bob philliPs

phone. 6167 942-9600 EXT 263



r 3.

I. DATA REQUIREMENTS

Parameter:

Moisture

Volatile Matter

Fixed Carbon

Heating Value

Detection Limit

less than 1%

less than 1%

less than 1%

50 BTU/lb

Precision Desired
(+* or ConcT)

I 20%_______

I 20%______

by difference NA

I 20%

IT. QC REQUIREMENTS

Audits Required

Duplicates

Blanks

NBS Reference Material

Frequency of Audits

1 per 10 samples

1 per 10 samples

1 per 10 samples

Limits* (% or Cone.)

- 20%

20%

20%

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED;

Rerun sample set if blanks, duplicates, or reference material exceeds QA/QC limits.

Contact: Jan Pels 312/ 553-2720 or Chuck Elly 3127 353-9007

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.



Designation: D 3172 - 73 (Reapproved 1984)*1

Standard Method for
Proximate Analysis of Coal and Coke1

This standard it jawed under the fixed deatnaboe D 3I72; the number immediately foDowint the destination indicates the year of
ohfinal adoption or. in the eaae of revision, the yea oTlast revision. A number in parentheses indicates the year of last rapprovtl. A
tupencript epeilon («) indiratei aa editorial chanae since the last revision or reapproval.

"Nan—Section 4 was added ediwiallyuiSepenberl9»7

1. Scope
1.1 This method covers the determination of moisture,

volatile matter, and ash and the calculation of fixed carbon
on coals and cokes sampled and prepared by prescribed
methods and analyzed according to ASTM established
procedures.

1.2 This standard may involve hazardous materials, oper-
ations, and equpiment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents
2.1 ASTM Standards:
D346 Method of Collection and Preparation of Coke

Samples for Laboratory Analysis2

D 388 Classification of Coals by Rank3

D 2013 Method of Preparing Coal Samples for Analysis2

D 2234 Method for Collection of a Gross Sample of Coal2
D 3173 Test Method for Moisture in the Analysis Sample

of Coal and Coke2

D3174 Test Method for Ash in the Analysis Sample of
Coal and Coke from Coal2

D317S Test Method for Volatile Matter in the Analysis
Sample of Coal and Coke2

' This method is under the jurisdiction of ASTM Cofnminec D-5 oa Coal and
Coke and is the direct responsibility of Subcommittee DOSJ1 oa Methods of
Analysis.

Current edition approved April 27, 1973. Published July 1973.
2 Annual Book of ASTM Staxderei, Vol 03.05.

3. Definition
3. 1 proximate analysis of coal and coke — an assay of the

moisture, ash, volatile matter, and fixed carbon as deter-
mined by prescribed methods. Other constituents such as
sulfur and phosphorus are not included.
4. Significance and Use

4.1 Methods, as herein described, may be used to establish
the rank of coals, to show the ratio of combustible to
incombustible constituents, to provide the basis for buying
and selling, and to evaluate for beneficiation or for other
purposes.
5. Sampling

S.I Coal sample collection shall be in accordance with
Sections 5 and 6 of Classification D 388, if the proximate
analysis is to be used for classification of coal by rank. In all
other cases, sample collection shall be in accordance with
Methods D 2234. Preparation shall be in accordance with
Method D 2013. Coke sampling shall be in accordance with
Method D 346.
6. Test Methods

6.1 Moisture— Test Method D 3173.
6.2 Ash— Jest Method D 3174.
6.3 Volatile Matter— Test Method D 3175. If the modi-

fied procedure is required, the report should show that the
modified procedure was used.

6.4 Fixed Carbon — The fixed carbon is a calculated value
It is the resultant of the summation of percentage moisture.
ash, and volatile matter subtracted from 100. All percentages
shall be on the same moisture reference base.
Fixed carbon, % - 100 - (moisture, %

ash, % •»• volatile matter. rt»

T^ Amines Soeitty lor Toting vaU^trUi Him no pottUonnipteang am ¥tta»Y of tny pi id*)
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Designation: D 3173 - 87"

Standard Test Method for
Moisture in the Analysis Sample of Coal and Coke1

This Ufldvd is i*ued under th» find iVagnifioa D 3 1 73: the number immntiitriy fofloviai the detJjnuion indicates the year or
orifinal adoption or, in the cot of miaoo, Ifct ynrof UB revisio*. A number in ptrmttae«m indicita the yar of las mpproval. A
wpencript epaloa (>) indicates an editorial change ana tbe test revision

Non— Section 7.I w*s coaccMd editorially in July I9M.

b
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1. Scope
1.1 This test method coven the determination of moisture

in the analysis sample of coal or coke. It b used for
calculating other analytical results to a dry basis. When used
in conjunction with the air drying loss as determined in
accordance with Method D2013 or Method D346, each
analytical result can be calculated to an as-received basis:

1.2 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use. See Note.

2. Referenced Documents
2.1 ASTM Standards:
D346 Method of Collection and Preparation of Coke

Samples for Laboratory Analysis2

D 2013 Method of Preparing Coal Samples for Analysis2

O3180 Method for Calculating Coal and Coke Analyses
from As-Determined to Different Bases2

D 3302 Test Method for Total Moisture in Coal2

3. Summary of Method
3.1 Moisture is determined by establishing the loss in

weight of the sample when heated under rigidly controlled
conditions of temperature, time and atmosphere, sample
weight, and equipment specifications.

•4. Significance and Use
4. ] Moisture as determined by this test method is used for

calculating other analytical results to a moisture free basis
using procedures in Method D3180. Moisture percent
determined by this test method may be used in conjunction
with the air-dry moisture loss determined in Method D 2013
and Test Method D 3302 to determine total moisture in
coal. Total moisture is used for calculating other analytical
results to "as received" basis using Method D 3180. Mois-
ture, ash, volatile, matter, and fixed carbon percents consti-

' This tot method is under the jurisdiction of ASTM Committee 0-5 on Cod
"id Coke and i> the direct responsibility of Subcommittee DOS.21 on Method* of
Analysis.

Current edition approved June 8. 1917 Published AutuB 1987. Onjinally
Published as D 3173 - 73. Last previous edition D 3173 - 85.

1 Annual Book of ASTM Standard*. Vol 05.05.

tute the proximate analysis of coal and coke.

5. Analysis Sample
5.1 The analysis sample is that sample which has been

pulverized to pass 250-jun (No. 60) sieve. Weigh arid
record the percent passing through the seive.
6. Apparatus

6.1 Drying Oven, for coal samples:
6.1.1 For determining the moisture of coal, the oven shall

be so constructed as to have a uniform temperature in all
parts, have a minimum of air space, and be capable of
temperature regulation between the limits of 104 and 110*C.
It may be of the form shown in Fig. 1. Provision shall be
made for renewing the reheated air in the oven at the rate *
two to four times a minute, with the air dried as definec
7.1.

6.1 J In the oven shown in Fig. 1, the door should contain
a note of approximately Mi in. (3.2 mm) in diameter near the
bottom to permit a free flow of air through the oven space.

62 Drying Oven, for coke samples. For determining the
moisture of coke, an ordinary drying oven with openings for
natural air circulation and capable of temperature regulation
between limits of 104 and 110*C may be used.

6.3 Capsules, with covers. A convenient form, which
allows the ash determination to be made on the same
sample, is a porcelain capsule, % in. (22 mm) in depth and
1% in. (44 mm) in diameter, or a fused silica capsule of
similar shape. These capsules shall be used with a well-fitting
flat aluminum cover, illustrated in Fig. 2. Platinum crucibles
or glass capsules with ground-glass caps may also be used.
They should be as shallow as possible, consistent with
convenient handling.

7. Reagents
7.1 Dry Air—Air used to purge the drying oven should be

dried to a moisture content of 1.9 mg/L or less. (Dew point
-10*C or less.) Any desiccant or drying method capable of
achieving this degree of dryness is suitable.

7.2 Desiccants—Materials suitable for use in the desic-
cator may be chosen from the following:

7.2.1 Anhydrous Calcium Sulfcue (0.004 mg/L).
7.2.2 Silica Gel.
7.2.3 Magnesium PerMorate (0.0005 mg/L).
7.2.4 Sulfuric Acid. Concentrated (0.003 mg/L).
7.2.5 The desiccant must be kept fresh enough to assure

that the air in the desiccator is dry as defined in 7.1. Values
in parentheses ( ) are literature values for the residual
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Non—Details m U.S. Bureau of Mint* BuMtm No. 492.1951. p 6
FKJ. 1 Moisture Ovawi

FIG. 2 Capsuto far Us* hi DMwmMng MoMur*

amount of moisture in air at equilibrium with these desic-
cants.

NOTE—Warning: Sulfuric acid is oomdvc and can cause severe
damage to eyes, skin, and clothing. Magnesium perchlorate is a strong
oxidant and can react violently with organic materials.

8. Procedure for Sample Passing a 250-un (No. 60) Sieve
8.1 Heat the empty capsules under the conditions at

which the sample is to be dried, place the stopper or cover on
the capsule, cool over a desiccant for 15 to 30 mm, and
weigh. Dip out with a spoon or spatula from the sample
bottle approximately 1 g of the sample. Put this quickly :mo
the capsule, close, and weigh at once to the nearest ± 0.1 mg

8.2 An alternative procedure for weighing the sample
(more subject to error) is as follows: After transferring an
amount of the sample slightly in excess of 1 g, bring to
exactly 1 g in weight (±0.5 mg) by quickly removing the
excess weight of the sample with a spatula. The utmost
dispatch must be used in order to minimize the exposure of
the sample until the weight is determined.

8.3 After removing the covers, quickly place the capsules
in a preheated oven (at 104 to 110"C) through which passes a
current of dry air. (The current of dry air is not necessary for
coke.) Gose the oven at once and heat for 1 h. Open the
oven, cover the capsules quickly, cool in a desiccator over
desiccant, and weigh as soon as the capsules have reached
room temperature.

8.4 Use the percentage of moisture in the sample passing a
250-um (No. 60) sieve to calculate the results of the other
analyses to a dry basis.
9. Calculations

9.1 Calculate the percent moisture in the analysis sample
as follows:

Moisture in analysis sample, % - [(A - B)/A] x 100
where:
A » grams of sample used, and
B - grams of sample after heating.
10. Precision and Bias

10.1 The following criteria should be used for judging tht
acceptability of results:

10.1.1 Repeatability—Duplicate results by the same labo-
ratory should not be considered suspect unless they differ b>
more than 0.2 % for coals having less than 5 % moisture and
0.3 % for coals having more than 5 % moisture.

10.1.2 Reproducibility—The results submitted by two or
more laboratories should not be considered suspect unless
they differ by more than 0.3 % for coals having less than 5 r<
moisture and 0.5 % for coals having more than 5 % mois-
ture.

10.1.3 Bias—Certified standards are not available for tht
determination of bias by this test method.
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Designation: D 3175 - 82

Standard Test Method for
Volatile Matter in the Analysis Sample of Coal and
Coke1

This standard is issued under the fixed •H'tri*'?" D 3175; the number immediately following the designation indicate the year of
original adoption or, in the case of revision, the year of lad revision. A number in parentheses indicates the year oflast reapproval. A
superscript epsilon (<) indicates an editorial change since the bat revision or reapproval.

1. Scope
1.1 This method determines the percentage of gaseous

products, exclusive of moisture vapor, in the analysis sample
which are released under the specific conditions of the test

2. Referenced Document
2.1 ASTM Standard:
D3173 Test Method for Moisture in the Analysis Sample

of Coal and Coke2

3. Summary of Method
3.1 Volatile matter is determined by establishing the loss

in weight resulting from beating a coal or coke under rigidly
controlled conditions. The measured weight loss, corrected
for moisture as determined in Test Method D3173 estab-
lishes the volatile matter content Two procedures are
described to permit conformity with differences in sample
behavior.

4. Significance and Use
4.1 Volatile matter, when determined as herein described,

may be used to establish the rank of coals, to indicate coke
yield on carbonization process, to provide the basis for
purchasing and selling, or to establish burning characteris-
tics.

5. Definition
S.I sparking fuels—within the context of this standard,

fuels that do not yield a coherent cake as residue in the
volatile matter determination but do evolve gaseous products
at a rate sufficient to mechanically carry solid particles out of
the crucible when heated at the standard rate. Such coals
normally include all low-rank noncaking coals and lignites
but may also include those anthracites, semianthracites,
bituminous, chars and cokes that lose solid particle* as
described above. These are defined as "sparking fuels"
because particles escaping at the higher temperatures may
become incandescent and spark as they are emitted.

6. Apparatus
6.1 Platinum Crucible, with closely fitting cover, for coal

The crucible shall be of not less than 10 or more than 20-mL

1 This method is under (he jurisdiction of ASTM Committee D-5 on Coal and
Coke and is the direct responsibility of Subcommittee D05.21 on Methods of
Analyss.

Current edition approved Aug. 27, I9S2. Published December 198Z Originally
published as D 3P5 - *3. Last previous edition D3I75 - 77.

: Annual Bex* of ASTM Siandanti. \ot 05.05.

capacity, not less than 25 or more than 35 mm in diameter
and not less than 30 or more than 35 mm in height

62 Platinum Crucible, with closely fitting cover, for coke
The crucible shall be of 10-mL capacity, with capsule cover
having thin flexible sides fitting down into crucible. Or the
double-crucible method may be used, in which the sample is
placed in 10-mL platinum crucible, which is then covered
with another crucible of such a size that it will fit closely to
the sides of the outer crucible and its bottom will rest '/i to '/':
in. (8.5 to 12.7 mm) above the bottom of the outer crucible

6.3 Vertical Electric Tube Furnace, for coal or coke. The
furnace may be of the form shown in Fig. 1. It shall be
regulated to maintain a temperature of 950 ± 20*C in the
crucible, as measured by thermocouple positioned in the
furnace.

7. Procedure
7.1 Procedure for Noraparking Coals and Cokes:
7.1.1 Weigh 1 g of the sample in a weighed platinum

crucible, close with a cover (Note I), place on platinum or
Nichrome-wire supports and insert directly into the furnace
chamber, which shall be maintained at a temperature of 950
± 20*C, and lower immediately to the 950 zone. Regulation
of the temperature to within the prescribed limits is critical.
After the more rapid discharge of volatile matter has
subsided as shown by the disappearance of the luminous
flame or, in the case of coke after 2 or 3 rain, inspect the
crucible (Note 2) to verify the lid is still properly seated. If
necessary, reseat the lid to guard against the admission of air
into the crucible. Do this as rapidly as possible by raising the
crucible to the top of the furnace chamber, reposition the lid
(Note 3) to more perfectly seal the crucible, then lower
immediately back to the 950 zone. After heating for a total of
exactly 7 min, remove the crucible from the furnace and
without disturbing the cover, allow it to cool. Coke should tx
cooled in a desiccator. Weigh as soon as cold. The percentage
loss of weight minus the percentage moisture equals the
volatile matter.

NOTE 1—The cover should fit closely enough so that the carbon
deposit from bituminous, subbituminous, and lignite coals does ntf
bun away from the under side.

NOTE 2—Inspection of the crucible may be aided by the use ofi
mirror held above the furnace well.

NOTE 3—With some strongly caking low-volatile and medium-
volatile bituminous coals, the coke button may be broken with explosi"
violence, due to the liberation of volatile matter within the button. Th*
is usually (Vagnittd as "popping.* Such popping may blow the lid of
the crucible and cause mechanical losses of the coked material. When
such popping is observed, the determination shall be rejected and tl*
test repeated until popping does not occur.
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7.2 Modified Procedure for All Sparking Fuels:
7.2.1 Fuels that do not cake or cake weakly when volatile

matter is determined shall be watched closely for sparking
during the heating period (Note 2); also, at the end of the test
'he crucible cover shall be inspected for ash deposits, and the
Presence of such deposits shall be considered as evidence of
larking.

7 2.2 All fuels that spark when the volatile is determined
b> the methods described in 7.1 shall be treated as follows:
The sample shall be given a preliminary gradual heating such
Ihat a temperature of 600 ± 50'C is reached in 6 min (Note

4). After this preliminary heating the sample shall be heated
for exactly 6 min at 950 ± 20*C. If sparking is then observed,
the determination shall be rejected and the test repeated until
no sparking occurs either during the preliminary heating or
during the 6-min period at 950*C. Remove the crucible from
the furnace, cool on a metal cooling block (Note 5) and
weigh. The percentage loss in weight minus the percent
moisture in accordance with Test Method D 3173, is the
volatile matter. All analyses by this method shall be so
marked when reported to indicate that the modified proce-
dure was used.
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NOTE 4—If i tubular furnace of the Fiddlier type (Fig. 1) is used for
the determination of volatile matter, the preliminary gradual heating
may be accomplished by moving the crucible to predetermined positions
in the cooler top zone of the furnace. Due to variations in the heating
characteristic! of the furnace, the operator must predetermine by
thermocouple the proper positions to meet a preliminary heating rate as

9. Precision
9.1 The following criteria should be used for judging th-

acceptability of results:
9.1.1 Repeatability—Duplicate results by the same labo-

ratory should not be considered suspect unless they differ b,
more than the following percentages:

ecoke

Semiiatbiicite, bituminous co4l low-umperature coke, ind chin
Subbminiinous
UfBhewdpeai

specified in 7.2.2. A mechanical device to lower the crucible into the
furnace may be used to facilitate control of the lowering operation.

NOTE 5—To ensure uniformity of results, the cooling period should
be kept constant and should not be prolonged beyond 15 min.

8. Calculations
8.1 Calculate the weight loss percent as follows:

Weight lost, % - (4 - B)IA x 100
where:
A - weight of sample used, g, and
B - weight of sample after heating, g,

8.2 Calculate the volatile matter percent in the analysis
samples as follows:

Volatile matter in analysis sample. % " C - D
where:
C - weight loss, %, and
D - moisture, %.
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9.2.1 Reproducibility—Tbc results submitted by two
more laboratories should not be considered suspect unless
they differ by more than the following percentages:
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Designation: 02015-85

Standard Test Method for
GROSS CALORIFIC VALUE OF COAL AND COKE BY THE
ADIABAT1C BOMB CALORIMETER1

This standard b issued under the fixed dcritnarion D 20) S; the number immediately foQowint, the destination indicates the year or
orifinal adoption or. in the CMC of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript eptiloa (<) indicates an editorial change smee the last revision or rcapprovaL

1. Scope
1.1 This test method covers the determination

of the gross calorific value of coal and coke by
the adiabatic .bomb calorimeter.

1.2 The values stated in SI units are to be
regarded as the standard.

1.3 This standard may involve hazardous ma-
terials, operations, and equipment. This standard
does not purport to address all of the safety prob-
lems associated with its use. It is the responsibil-
ity of whoever uses this standard to consult and
establish appropriate safety and health practices
and determine the applicability of regulatory limi-
tations prior to use. Specific precautionary state-
ments are given in Section 9.
2. Applicable Documents

2.1 ASTAf Standards:
D121 Definitions of Terms Relating to Coal

and Coke2

D346 Method of Collection and Preparation
of Coke Samples for Laboratory Analysis2

D1193 Specification for Reagent Water1

D 2013 Method of Preparing Coal Samples for
Analysis2

D 3173 Test Method for Moisture in the Anal-
ysis Sample of Coal and Coke2

D3177 Test Methods for Total Sulfur in the
Analysis Sample of Coal and Coke2

D 3180 Method for Calculating Coal and Coke
Analyses from As-Determined to Different
Bases*

D4239 Test Method for Sulfur in the Analysis
Sample of Coal and Coke Using High
Temperature Tube Furnace Combustion
Methods'

E 1 Specification for ASTM Thermometers4

E 144 Recommended Practice for Safe Use of
Oxygen Combustion Bombs'

3. Terminology
3.1 Definitions:
3.1.1 calorific value—the heat produced by

combustion of a unit quantity of a substance
under specified conditions. It is expressed in this
test method in British thermal units per pound
(Btu/lb). Calorific value may also be expressed
in calories per gram (cal/g) or in the International
System of Units (SI), joules per gram (J/g), when
required. The unit equivalents are given in Table
1.

3.1.2 gross calorific value (gross heat of com-
bustion at constant volume) Q, (gross)—see Def-
initions D 121.

3.1.3 net calorific value (net heat of combus-
tion at constant pressure) Q, (net)—see Defini-
tions D 121.

3.1.4 calorimeter—as used in this test method,
consists of the bomb and its contents, the calo-
rimeter vessel (bucket) with stirrer, the water in
which the bomb is immersed, and the portions
of the thermometer and the ignition leads within
the calorimeter vessel.

3.2 Description of Terms Specific to This
Standard:

32.1 corrected temperature rue—the temper-
ature change of the calorimeter caused by the
process that occurs inside the bomb, that is, the
observed temperature change corrected for var-
ious effects as noted in 10.4.1.

NOTE 1—Temperature is measured in either degrees
1 This ten method is under the jurisdiction of ASTM Com-

mittee D-5 on Coal and Coke and is (he direct responsibility or
Subcommittee DOS.21 on Methods of Analysis.

Current edition approved Aug. 23. 1985. Published October
1985. Originally published as D 201S - 62 T. Last previous edi-
tion D 2015 - 77 (1978).

'Annual Book of ASTM Standards. Vol 05.05
'Annual Book of ASTM Standards Vol 11.01.
'Annual Book of ASTM Standards. Vol 1401.
'Annual Book of ASTM Standards. Vol 14.02.
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Celsius or decrees Fahrenheit Thermometer correc-
tions should be applied. Temperature* may be recorded
in ohms or other arbitrary units instead of degrees.
Consistent units must be usad in irtr̂ ** '̂T*t*/>" ****
the actual calorific value detenninatioa. If arbitrary
units other than decrees Celsius or Fahrenheit are used,
the temperature interval over which all tedi are made,
must not vary so much that aa error greater than
O.OOrC would be caused.

3.2J energy equivalent, heat capacity, or wa-
ter equivalent—the energy required to raise the
temperature of the calorimeter one arbitrary unit
This is the quantity that, when multiplied by the
corrected temperature rise, then adjusted for ex-
traneous heat effects, and divided by the mass of
the sample, gives the gross calorific value.

NOT! 2—Energy units for quantities listed through-
out this test method are such that the number of energy
units per gram of sample corresponds exactly to the
number of Btu's per pound of sample. For brevity these
are referred to as Btu's. The actual energies are smaller
than those stated by the ratio of the number of pounds
per gram (1/433.59). The energy equivalent of the
calorimeter has the units (Btu/lb) times (g/degrec).
Conversion to other units is disannul in Appendix
XI.2. Time is expressed in minutes. Mass is expressed
in grams.
4. Summary of Method

4.1 Calorific value is determined in this test
method by burning a weighed sample, in oxygen,
in a calibrated adiabatk bomb calorimeter under
controlled conditions. The calorimeter is stan-
dardized by burning benzoic acid. The calorific
value of the sample is computed from tempera-
ture observations made before, during and after
combustion, making proper allowances for heat
contributed by other processes, and for ther-
mometer and thermochemical corrections.

Non 3—Oxidation after sampfiag of susceptible
low-rank coal or lignite may result in a reduction of
calorific value. Unnecessary exposure of the sample to
air from the time of sampling or delay ia analysis shall
be avoided.
5. Significance and Us*

3.1 The gross calorific value is used to com-
pute the total calorific content of the quantity of
coal represented by the sample for payment pur-
poses, provided the buyer and the seller mutually
agree upon this.

5.2 The gross calorific value is used in com-
puting the calorific value versus sulfur content to
determine if the coal meets regulatory require-
ments for industrial fuels.

5.3 The gross calorific value may be used for
evaluating the effectiveness of beneficiation proc-

esses, or for research purposes.

6. Apparatus and Facilities
6.1 Test Space, shall be a room or area free

from drafts and that can be kept at a reasonably
uniform temperature for the time required for
the determination. The apparatus should be
shielded from direct sunlight and radiation from
other heat sources. Thermostatic control of room
temperature and controlled relative humidity are
desirable.

6J Combustion Bomb, shall be constructed
of materials that are not affected by the combus-
tion process or products sufficiendy to introduce
measureable heat input or alteration of end prod-
ucts. The bomb must be designed so that all
liquid combustion products can be completely
recovered by washing the inner surfaces. There
must be no gas leakage during a test The bomb
must be capable of withstanding a hydrostatic
pressure test of 20 MPa (3000 prig) at room
temperature without stressing any part beyond
its elastic limit

63 Balance. th»n be a laboratory balance hav-
ing capability to weigh the sample to the nearest
0.0001 g. The balance should be checked period-
ically to determine a accuracy.

6.4 Calorimeter Vessel, shall be made of metal
with a tarnish-resistant coating, and with an outer
surfaces highly polished. Its size shall be such that
the bomb will be completely immersed in water
when the calorimeter is assembled. It shall have
a device for stirring the water thoroughly and at
a uniform rate, but with minimum heat input
Continuous stirring for 10 min shall not raise the
calorimeter temperature more than 0.01 "C
(0.02T) starting with identical temperatures in
the calorimeter, room, and jacket The immersed
portion of the stirrer shall be coupled to the
outside through a material of low-heat conduc-
tivity.

6.5 Jacket, shall be a double-walled, water-
filled jacket fully enclosing the calorimeter. The
sides, top. and bottom of the calorimeter vessel
shall be approximately 10 mm from the inner
wall of the jacket to minimize convection cur-
rents. Mechanical supports for the calorimeter
vessel shall provide as little thermal conduction
as possible. The jacket shall have a device for
stirring the water thoroughly and at a uniform
rate with minimum heat input

6.6 Thermometers, used to measure tempera-
ture in the calorimeter and jacket shall be any of
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the following types or combinations thereof:
6.6.1 Liauid-in-Glass Thermometers, con-

forming to the requirements for ASTM Ther-
mometers 56C, 56F, 116C, or 117C as prescribed
in Specification E 1. The thermometers shall be
tested for accuracy against a known standard
(preferably by the National Bureau of Standards).
For Thermometers S6C and 56F the calibration
should be at intervals no larger than 2.0*C or
2.5T over the entire graduated scale. The maxi-
mum difference in correction between any two
test points shall be no more than 0.02*C or
0.05T. For Thermometers 116C and 117C, the
calibration should be at intervals no larger than
0.5"C over the entire calibrated range. The max-
imum difference in correction between any two
test points shall not be more than 0.02*C.

6.6.2 Beckman Differential Thermometer.
(glass enclosed scale, adjustable), having a range
of approximately 6*C in 0.0I*C subdivisions
reading upward and conforming to the require-
ments for Thermometer 115C, as prescribed in
Specification E 1, may be used. Each of these
thermometers shall be tested for accuracy against
a known standard (preferably by the National
Bureau of Standards) at intervals no larger than
1*C over the enure graduated scale. The maxi-
mum difference in the correction between any
two test points shall not be more than 0.02*C.

6.6.3 Other Thermometers, of an accuracy
equal to or better than 0.001 *C, such as platinum
resistance or linear thermistor thermometers, are
satisfactory and may be used if properly cali-
brated. A Wheatstone bridge and galvanometer
capable of measuring resistance to 0.0001 0 are
necessary for use with 25 Q platinum resistance
thermometers.

6.7 Thermometer Accessories—A. magnifier is
required for reading liquid-in-glass thermometers
to one-tenth of the smallest scale division. This
shall have a lens and holder designed so as to
introduce no significant errors due to parallax.

6.8 Sample Holder, shall be an open crucible
of platinum, quartz, or acceptable base-metal
alloy. Base-metal alloy crucibles are acceptable,
if after a few preliminary firings, the weight does
not change significantly between tests.

6.9 Ignition Wire, shall be 100 mm of 0.16
mm diameter (No. 34 B & S gage) nickel-chro-
mium (Chromel C) alloy or iron wire. Platinum
or palladium wire, 0.10 mm diameter (No. 38 B
& S gage), may be used, provided constant igni-
tion energy is supplied. The length, or mass, of

the ignition wire shall remain constant for all
calibrations and calorific value determinations.

6.10 Ignition Circuit, for ignition purposes
shall provide 6 to 16 V alternating or direct
current to the ignition wire. An ammeter or pilot
light is required in the circuit to indicate when
current is flowing. A step-down transformer, con-
nected to an alternating current lighting circuit
or batteries, may be used.

6.11 Burn, used for the acid titration shall
have 0.1-mL divisions.

6.12 Automated Controller and Temperature
Measuring Accessories, may be used.
7. Reagents

7.1 Reagent Water, conforming to Type II of
Specification D 1193, shall be used for prepara-
tion of reagents and washing of the bomb inte-
rior.

12 Purity of Reagents, reagent grade chemi-
cals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall
conform to the specifications of the Committee
on Analytical Reagents of the American Chemi-
cal Society where such specifications are avail-
able.* Other grades may be used, provided it is
.first ascertained that the reagent is of sufficiently
high purity to permit its use without lessening
the accuracy of the determination.

7.3 Bemoic Acid. (OHjCOOH), shall be the
National Bureau of Standards benzole acid. The
crystals shall be pelleted before use. Commer-
cially prepared pellets may be used provided they
are made from National Bureau of Standards
benzoic acid. The value of heat of combustion of
benzoic acid for use in the calibration calcula-
tions shall be in accordance with the value listed
in the National Bureau of Standards certificate
issued with the standard.

7.4 Methyl Orange. Methyl Red, or Methyl
Purple Indicator, may be used to titrate the acid
formed during combustion. The indicator used
shall be the same for both calibration and calor-
ific value determinations.

7.5 Oxygen, shall be free of combustible mat-
ter. Only oxygen manufactured from liquid air,
guaranteed to be greater than 99.5 % pure.

'•Reagent Chemicals, American Chemical Society Specifi-
cations.* Am. Chemical Sot. Washington. DC. For Juoesuons
on the testing of reagents not listed by the American Chemical
Society, tee 'Reagent Chemicals and Standards,* by Joarph
Rosin. D. Van Nostnnd Co.. Inc.. New York, NY, and the
•United States Pharmacopeia,'
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should be used. Oxygen nude by the electrolytic
process may contain a small amount of hydrogen
rendering it unfit without purification.

7.6 Sodium Carbonate Standard Solution,
(NaiCOjX should be dried for 24 h at !05*C
Dissolve 20.9 g in water and dilute to 1 L One
millilitre of this solution is equivalent to 10.0 Btu
in the nitric acid (HNOj) titration.

8. Sample
8.1 The sample shall be the material pulver-

ized to pass No. 60 (250-um) sieve, prepared in
accordance with either Mehod D 346 for coke,
or Method D 2013 for coal.

8.2 A separate portion of the analysis sample
should be analyzed simultaneously for moisture
content in accordance with Method D 2013 and
Test Method D 3173. so that calculation to other
bases can be made.

8.3 Sulfur analysis shall be made in accord-
ance with Test Methods D 3177.
9. Safety Precarious

9.1 The following precautions are recom-
mended for safe calorimeter operation. Addi-
tional precautions are given in Recommended
Practice E 144. Also consult the calorimeter
manufacturer's installation and operating man-
uals before using the calorimeter.

9.2 The mass of coal or coke sample and the
pressure of the oxygen admitted to the bomb
must not exceed the manufacturer's recommen-
dations.

9.3 Bomb parts should be inspected carefully
after each use. Threads of the main closure
should be checked frequently for wear. Cracked
or significantly worn parts should be replaced.
The bomb should be returned to the manufac-
turer occasionally for inspection and possible
proof firing.

9.4 The oxygen supply cylinder should be
equipped with an approved type of safety device,
such as a reducing valve, in addition to the needle
valve and pressure gage used in regulating the
oxygen feed to the bomb. Valves, gages, and
gaskets must meet industry safety code. Suitable
reducing valves and adaptors for 3 to 4-MPa (300
to 500-psi) discharge pressure are obtainable
from commercial sources of compressed gas
equipment The pressure gage shall be checked
periodically for accuracy.

9.5 During ignition of a sample, the operator

02015

must not permit any portion of her/his body to
extend over the calorimeter.

9.6 When combustion aids are employed, ex-
treme caution must be exercised not to exceed
the bomb manufacturer's recommendations and
to avoid damage to the bomb. Do not fire loose
fluffy material such as unpelleted benzoic acid,
unless thoroughly mixed with the coal sample.

9.7 Do not fire the bomb if the bomb has been
dropped or turned over after loading, or if there
is evidence of a gas teak when the bomb is
submerged in the calorimeter water.

9.8 For manually operated calorimeters, the
ignition circuit switch shall be of the momentary
double-contact type, normally open, except when
held closed by the operator. The switch should
be depressed only long enough to fire the charge.
10. Standardization

10.1 The calorimeter is standardized by com-
bustion of benzoic acid.

10.2 Determine the energy equivalent of the
calorimeter for a specific temperature rise as the
average of a series of ten individual runs made
over a period of not less than 3 days nor more
than 5 days. To be acceptable, the standard de-
viation of the series shall be 6.S Btu/*C (3.6 Btu/
T) or less (see Table 2). For this purpose, any
individual test may be discarded only if there is
evidence indicating incomplete combustion. If
this limitation is not met, investigate for the
source of the problem, correct it, then repeat the
entire series to obtain a standard deviation within
the acceptable limit.

10.3 Procedure:
10.3.1 Regulate the weights of the pellets of

benzoic acid in each series to yield approximately
the same temperature rise as that obtained with
the coal tested in the same laboratory. The usual
range of masses is 0.9 to 1.3/g. Weigh the pellet
to the nearest 0.0001 g in the sample holder in
which it is to be burned, and record the weight
as the mass.

10.3J Rinse the bomb, inven to drain, and
leave undried. Add 1.0 mL of water to the bomb
prior to assembly for a determination.

10.3.3 Connect a measured length of ignition
wire to the ignition terminals, with enough slack
to allow the ignition wire to maintain contact
with the sample.

10.3.4 Assemble the bomb and charge it with
oxygen to a consistent pressure between 2 to 3
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MPa (20 and 30 atm). This pressure must remain
the same for each calibration and each calorific-
value determination. Admit the oxygen slowly
into the bomb so as not to blow powdered ma-
terial from the sample holder. If the pressure
exceeds the specified pressure, do not proceed
with the combustion. Instead, detach the filling
connection, exhaust the bomb in the usual man-
ner, and discard the sample.

10.3.5 Fill the calorimeter vessel (bucket) with
the measured (or weighed) quantity of water
adjusted from 1.0 to 2.0*C (10 to 4.0T) below
room temperature, but not lower than 20*C
(68*F). Use the same mass of water in each test
weighed to +0.5 g. For 2000-mL calorimeters,
the proper quantity can be obtained by use of a
volumetric flask calibrated to deliver 2000 ± 0.5
mL. As the density of water varies with temper-
ature, make suitable corrections if the water tem-
perature varies from the temperature at which
the flask was calibrated. Place the assembled
bomb in the calorimeter vessel Check that no
oxygen bubbles are leaking from the bomb. Place
the calorimeter vessel in the jacket; connect the
electrodes; place the stirrers, thermometers, and
cover in position. Start the stirrers and continue
to operate them throughout the determination.
Examine the thermometers for liquid separation
and correct any separation before proceeding.
The starting temperature should be within
±0.5*C (0.9*F) of that used in analysis of coal or
coke samples.

NOTE 4—Check all liquid-in-glaas thermometers at
least daily for defects, for example, cracked (las, etc

10.3.6 Allow 5 min for attainment of equilib-
rium. Adjust the jacket temperature to match the
calorimeter temperature within 0.01'C (0.02T)
and maintain for 3 min. Use a magnifier when
using ASTM Bomb Calorimeter Thermometers
56C or 56F, and estimate all readings (except
those during the rapid-rise period) to the nearest
0.002'C or 0.005T. Estimate ASTM Thermom-
eters ! 15C, 116C, or 117C readings to 0.001 *C,
and 25 G resistance thermometer readings to the
nearest 0.0001 fl. Tap mercury thermometers
(for instance, with a pencil) just before reading
to avoid errors caused by mercury sticking to the
walls of the capillary. Record the "initial temper-
ature", tn 20*C (68*F) or higher, to within one-
tenth of the smallest thermometer subdivision
and ignite the charge. Adjust the jacket temper-
ature to match that of the calorimeter tempera-

ture during the period of rise; keep the two
temperatures as nearly equal as possible during
the rapid rise and adjust to within 0.01 *C (0.02T)
when approaching the final equilibrium temper-
ature. Take calorimeter temperature readings at
1-min intervals until the same temperature,
within one-tenth of the smallest thermometer
subdivision, is observed in three successive read-
ings. Record this as the "final temperature". //

10.3.7 Open the cover and remove the bomb.
Release the pressure at a uniform rate, such that
the operation will require not less than 1 min.
Open the bomb and examine the bomb interior.
Discard the test if unbumed sample or sooty
deposits are found. Wash the interior of the bomb
with distilled water containing the titration indi-
cator, until the washings are free of acid, and
titrate the washings with standard sodium car-
bonate solution.

10.3.8 Remove and measure, or weigh, the
combined pieces of unburned ignition (firing)
wire and subtract from the original length, or
weigh to determine the wire consumed in firing.
If the wire is weighed, remove the ball of oxidized
metal from the end of each piece of wire before
weighing.

10.4 Calculations:
10.4.1 Temperature Rise—Using data ob-

tained as prescribed in 10.3.6, compute the cor-
rected temperature rise. /, as follows: ;

f - / / - f , + c; + C. (l)
where:
t - corrected temperature rise, *C or *F,
li • initial temperature reading at time of fir-

ing.
// » final temperature reading,
C, • thermometer emergent stem correction, if

required (see Note 5 and Annex A 1.1.4,
and

C, - thermometer setting correction, if re-
quired (see Note 5 and Annex A1.1.3) (

NOTE 5—With an mercury-in-gjass thermometers,
it is neceaaiy to make corrections if the total calorific
value is altered by 5.0 Btu or more. This represents a
change of 0.001 *C or 0.002'F in a calorimeter using j
approximately 2000 f of water. Bcckmann thermome- '
ten also require a letting correction and an emergent '
stem correction {Annex A1.1.3 and A1.1.4). Solid-stem
ASTM Thermometers S6C and 56F do not require
emergem stem corrections if all tests, including stan-
dardization, are performed within the same S.i'C
(10*F) interval. If operating temperatures range beyond '
this limit, a differential emergent stem correction (An-
nex Al.1.4) must be applied to the corrected tempera-
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ture rise, i, in all tots including standardization.

10.4J Thermochemical Corrections (see Ap-
pendix XI. 1, X1.2, and X!.3>— Compute the
following fbr each test:
*i - correction for the heat of formation of

HNO* in Btu. Each millilitre of standard
NajCOj is equivalent to 10.0 Btu, and

ft - correction for heat of combustion of firing
wire, in Btu (Note 6X
0.41 Btu/mn or 16 Btu/mg for No. 34 B
A S gage Chromd C
0.49 Btu/mm or 3.2 Btu/mg fbr No. 34 B
A S gage iron wire.

Notf 6— There it ao correction for platinum win
provided the ignition energy i* constant

1 0.4.3 Compute the calorimeter energy equiv-
alent, E, by substituting in the following:

(2)
where
E - calorimeter energy equivalent (Note 8X
tf - heat of combustion of benzoic acid, as

stated in the National Bureau of Standards
Certificate, Btu/lb in air.

g - mass (weight in air) of benzoic acid, g,
ft » titration correction (I0.4.2X
fj « ruse wire correction (10.4.2X and
/ • cm ict led temperature rise.

NOTI 7— Using the unto aad corrections as given
in 10.4.1 and 10.4.2. the energy equivalent of the
calorimeter is such that the calorific value of the coal
sample wiB be obtained directly in British thermal units
per pound when the mast of sample is taken in grams.
The units of the energy equivalent are therefore: (Btu/
Ib) times (g/deg).

10.5 Repeat the procedure for a total of ten
determinations. Compute the standard deviation
as illustrated in Table 2.
11. Rcstandanifzarjosi

11.1 Make checks on the energy equivalent
value after changing the oxygen supply, after
changing any pan of the calorimeter, arid at least
once a month otherwise.

11.1.1 If a single new determination differs
from the old value by 6 Btu/*C (4 Btu/T), the
old standard is suspect, thereby requiring a sec-
ond test

11.1.2 The difference between the two new
determinations must not exceed 8 Btu/"C (5 Btu/
T), and the average of the two new determina-
tions must not differ from the old standard by
more than 4 Btu/*C (3 Btu/T). If these require-

ments are met, do not change the calorimeter
standard.

11.1.3 If the requirements given in 11.1.2 are
not met, two more determinations must be run.
The range of the four values must not exceed 14
BnVC (8 Btu/TX and the average of the four
new determinations must not differ from the old
standard value by more than 3 Btu/*C (2 Btu/
TX If these requirements are met, do not change
the calorimeter standard.

11.1.4 If the requirements given in 11.1.3 are
not met, a fifth and sixth determination must be
run. The range of the six new values must not
exceed I? Btu/T (10 Btu/TX and die average
of the six new values must not differ from the
old standard value by more than 2 Btu/*C (2
Btu/TX If these requirements are met, do not
change the calorimeter standard.

11.1.5 If the requirements gjven in 11.1.4 are
not met, four more determinations must be run
to complete a series of ten runs. The range of
these ten results must not exceed 20 Btu/*C (12
Btu/TX and the average of the ten new standards
must not differ from the old standard by more
than I Btu/T (I Btu/TX If these requirements
are met, do not change the calorimeter standard.

11.1.6 If the requirements given in ll.U are
not met, the average value from the ten new
values must be used fbr the new standard energy
equivalent, provided that the standard deviation
of the series does not exceed 6.5 Btu/*C (3.6 Btu/
TX

11.2 The summary of the numerical require-
ments at each stage of restandardization is given
in Table 3.
12. Procedure for Coal aad Coke Samples (Note

*)
12.1 Thoroughly mix the analysis sample of

coal or coke in the sample bonk and carefully
weigh approximately 1 g of it into the sample
holder. The sample shall be weighed to the near-
est O.OOpl g. Make each determination in accord-
ance with the procedure described in 10.3.2
through 10.3.8.

NOTE S—For anthracite, coke, and coal of high ash
content, that do not readily burn completely, one of
the following procedures are recommended: (/) The
inside of the sample holder is lined completely with
ignited asbestos in a thin layer pressed well down in the
angles, and the sample is then sprinkled evenly over
the surface of the asbestos. (2) The mass of the sample
may be varied to obtain good ignition. If the mass is
varied, it will be necessary to recalibrate the calorimeter
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so that the water equivalent will be based on the same
temperature rise as that obtained with the sample
weight. (J) A known amount of beazoic acid may be
mixed with the sample. Proper allowance must be made
for the heat of combustion of benzoic ack) when deter-
mining the calorific value of the sample.

NOTE 9—For the calorific value of coke, ft is neces-
sary to use 3-MPa (30-atm) pressure for both standard-
ization and analysis.

12.2 Determine the sulfur content or the sam-
ple by any of the procedures described in Test
Methods D 3177.

13. Calculations (Note 2)
13.1 Compute the corrected temperature rise,

i, as shown in 10.4.1.
13.2 Thermochemical Corrections (Appendix

XI)—Compute the following for each test
e, - correction for the heat of formation of

HNOj in Btu. Each millilitre of standard
sodium carbonate is equivalent to 10.0
Btu,

*i - correction for heat of combustion of igni-
tion wire, Btu,

• 0.41 Btu/mm or 2.6 Btu/mg for No. 34 B
& S gage Chrome! C wire,

• 0.49 Btu/mm or 3.2 Btu/mg for No. 34 B
&. S gage iron wire, and

«3 - correction for difference between heat of
formation of HjSO4 from the heat of for-
mation of HNOj, in Btu,

• 23.7 times percent of sulfur in sample
times mass of sample in g.

14. Calorific Value (Note 10)
14.1 Cross Calorific Value—Calculate the

gross calorific value (gross heat of combustion at
constant volume), Q, (gross), as follows:

Q, (gross) - |(/£) - t, - * - t>]/g (3)
where:
Q, (gross) - gross calorific value, Btu/lb,
t - corrected temperature rise calcu-

lated in 13.1,
E - energy equivalent calculated in

10.4.3,
t\,fi, fy " corrections as prescribed in 13.2,

and
g - mass of sample, g.

14.2 Net Calorific Value—Calculate the net
calorific value (net heat of combustion at a con-
stant pressure), £„ (net) as follows:

Q, (net) - Q, (gross) - 10.30 (H x 9)
where:
Qf (net) - net calorific value, Btu/lb,
Q, (gross) * gross calorific value, Btu/lb, and
H - total hydrogen, %.

NOTE 10—This calculation gives calorific value in
Btu/lb. To obtain calorific value in Jg. see Appendix
X2.

15. Report
15.1 The results of the calorific value may be

reported on any of a number of bases, differing
from each other in the manner that moisture is
treated.

15.2 Use the percentage of moisture in the
sample passing a No. 60 (250-um), sieve (Test
Method D 3173) to calculate the results of the
analysis sample to a dry basis.

15.3 Procedures for converting the value ob-
tained on the analysis sample to other bases are
described in Method D 3180.
16. Precision and Bias

16.1 The following criteria should be used for
judging the acceptability of results (95 % proba-
bility) on split 60-mesh (250-um) sample.

16.1.1 Repeatability—Duplicate results by
the same laboratory, using the same operator and
equipment, should not be considered suspect
unless they differ by more than 50 Btu/lb on a
dry basis.

16.1.2 Reproducibility—Tht results submit-
ted by two or more laboratories (different equip-
ment, operators, date of test, and different por-
tions of the same pulp) should not be considered
suspect unless the two results differ by more than
100 Btu/lb on a dry basis.

16.2 Bias—There should be no bias because
the equipment is standardized with a compound
having a known heat of combustion.
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TABU I CabrhVValM
I BM - 1055.06 J I BM/)b-1326 J/|
ICalorie*-4.1l««J 1.1 Btu/lb- I.Qcal/t

J iMematiofMl taela calorie.

TABLE 2 TTiThrr TVrf— *- "r'-rlrnr
CohMM A CokiiBB B Column C

Suadardtnboci
Utimber

t
2
3
4
J
6
7
1
9

10
SUM

Energy Equivalent
(Btu/lb) x ((/C)

4412
4407
4413
44M
4404
4406
4409
4410
4412
4409

Code to 4400
(COMMA

-4400)

12
7

13
t
4
6
9

10
12
J
92

(Column Sf

144
49ns
64
16
36
II

100
144
Ji
940

Average - X - SJf/lO - <92/lO) * 4400 - 4409
. Z Column C - t(S Column Vf/n] 940 - l(92>VlO|

, ft m —— f - ,—————*•

Sundard deviation • / - Vvariance -
•* In (ha example the vahia of enerur equivBlent are typical lor a calorimeter calibrated » that, if the energy equivalent is

multiplied by the tern procure rint in detneaCchra* per fnm of ample, the calorific value of the ample «Q! be obtained in British
Thermal units per pouad.

TABU 3
Nort—Te« values emeding table Bmitt require additional runt,1*

taT»»i^. _ •*- -- nf ^_.h«Number of Mwim«i Rangrof Rewltt
Runt

Btt/X Btu/T BniTC Btt/T
1
2
4
6

10

...
•

14
17
20

3
1

10
12

*6
*4
±3
±2
*l

*4
*3
±2
±2
±1

' Values in tha table have been ronaded off after utubcal cakulaiioa, aad arc therdbre not prenJdy in a ratio from t.l to 1.0.
' JT, • avenac ofonfuul oaadard. JTi • tveraje of check mat.

464



D2015

ANNEX

(Mandatory Information)

Al. THERMOMETR1C CORRECTIONS

A1.1 Tbenwineter Correction
AI.I.l It is necessary to make the following individ-

ual corrections, if not making the correction would
result in an equivalent change of S.O Btu or more.

Al.1.2 Calibration Correction shall be made in ac-
cordance with the calibration certificate furnished by
the calibration authority.

Al.1.3 Setting Correction a necessary for the Beck-
mann thermometer. It shall be made in accordance
with the directions furnished by the calibration author-
ity.

A 1.1.4 Differential Emergent Stem Correction—
The calculation of differential stem correction depends
upon the way the thermometer was calibrated and how
it was used. Two conditions are possible:

A1.1.4.1 Thermometers Calibrated in Total Immer-
sion and Used in Partial Immersion—This emergent
stem correction is made as foOowx

Correction - C. - K (//- Jj (//+ d - L - 7)

where:
C, - emergent stem correction,
K - 0.00016 for thermometers calibrated in *C,

• 0.0009 for thermometers calibrated in T,
L • scale reading to which the thermometer was im-

mersed,
T - mean temperature of emergent stem.
I, - initial temperature reading, and,
// - final temperature reading.

NOTE A1.1 —Example: Assume the point L, to whic!
the thermometer was immersed was 16*C; its initia
reading, th was 24.I2TC, its final reading, tf, wa.
27.876, the mean temperature of the emergent stem, /
was 26*C; then:
Differential stem correction, C,

- 0.00016 (28 - 24) (28 + 24 - 16 - 26)
- * 0.0064'C.
A1.1.4.2 Thermometers Calibrated and Used ir

Partial Immersion, but at a Different Temperature thar
the Calibration Temperature—This emergent stem cor-
rection b made as follows:

Correction - C, - K(tf- td (t, - U

emergent stem collection,
0.00016 for thermometers calibrated in "C,
0.00009 for thermometers calibrated in T,
initial temperature reading,
final temperature reading,
observed stem temperature, and
stern temperature at which the thermometer was
calibrated

NOTE A 1.2—Example: Assume the initial reading.
it, was SOT. the final reading, if, was 86T. and that the
observed stem temperature, t* was 82*F, and calibra-
tion temperature, <« was'72T then:
Differential stem correction:

- 0.00009 (86 - 80) (82 - 72)
- 0.005'F

where?
C
K

It
If

APPENDIXES

(Noomandatory Information)

XI. THERMOCHEMICAL CORRECTIONS

X1.1 Energy of Formation of Nitric Acid-—A correc-
tion, r,. (10.4.2 and 13.2), is applied for the acid titn-
tion. This correction is based on the assumptions (/)
that all the acid titrated is HNOj formed by the follow-
ing reaction: 1/2 N2 (g) + 3/4 Oi U) + 1/2 H,O (I) -
HNOj (in 500 mo! HiO), and (2) that the energy of
formation of HNOj in approximately 500 mol of water
under bomb conditions is minus 59.0 kJ/mol.'

XI. 1.1 A convenient concentration of NajCOj is
0.394 A' (20.9 gNajCOj/1000 mL) which gives e, - 10

times V, where Vis the volume of NajCOj in millilitres.
The factor 10.0 (0.394 x 59.0 - 2.326) is to be used for
calculating calorific value in Btu/lb. For other units see
Table X2.I. When HtSQ4 is also present, a pan of the
correction for H2SO« is contained in the e, correction
and'remainder in the «j correction.

'Calculated from data in National Bureau of Standards
Technical Now 270-3.
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XIJ Entrgy of Formation ofSuJfiaie Acid—By lief-
inition (see Definitions D I21) the frost calorific value
is obtained when the product of the combustion of
sulfur in the sample is SO* Of). However, in actual
bomb combustion process, all the sulfur is found as
HtSOt in the bomb washings. A correction, ft (sec 13.2)
b applied for the sulfur that is convened to H|SO«. This
correction is based upon the energy of formation of
HtSO, in solutions, such as win be present in the bomb
at the end of a combustion. This energy b taken as
-295.0 U/moL' A correction of 2 times 59.0 U/mot
of sulfur was applied in the «i correction, so the addi-
tional correction necessary is 295.0 - (2 times 59.0) •
177 kJ/mol. or 5.52 U/g of sulfur in the sample (55.2
J times weight of simple in trams times percent sulfur
in sample). This causes ft to be 23.7 times weight of
sample in grams times percent sulfur in sample. The
factor 23.7 (equals 55.2/2.326). for ft (see 13.2) is to be
used for calculating calorific value in Btu/lb. For other
units, see Appendix X2. The values above are based on
a coal containing about 5 % sulfur and about 5 %
hydrogen. The assumption is also made that the HjSQ*
is dissolved entirely in the water condensed during
combustion of the sample.

Xl.2.1 Ifal-g sample of such a fuel is burned, the
resulting HjSO, condensed with water formed on the
walls of the bomb, wfll have a ratio of about 15 mol of
water to I mol of H]SO* For this concentration, the

energy of the reaction SOi (f) + rt O, * HjO (1) -
HiSOt (in 15 moles of HjO) under the conditions of
the bomb process is -29S.U/moL* Basing the calcula-
tion upon a sample of comparatively large sulfur con-
tent reduces the possible overall errors, because, for
small percentages of sulfur, the correction is smaller.

XIJ Fust (Ignition) Win—Calculate the energy
contributed by burning the fuse wire in accordance
with the directions furnished by the supplier of the wire.
For •M«rp>». the energy of the combustion of No. 34
9 ft S gage Chromd C wire is 6.0 J/mg or approxi-
mately 0.95 J/rrun. For calculating ft for use in Eos 2
and 3. these give ft - 0.41 times length (mm) of wire
or ft • 2.6 times weight (rag) of wire. The energy
required to melt a platinum wire is constant for each
experiment if the same amount of platinum wire is
used. As the energy is snaV, its effect is essentially
cancelled out in the relationship between the standard-
ization experiments and the calorific value determina-
tions, and it can be neglected. The factors listed above
for ft (10.4.2 and 13.2) are suitable for calculating
calorific value in Btu/Tb. For other units, see Appendix
X2.____

•Cakviaud Awn daa in National Buretu of Standards
Circular 500,

*Mett. R. A. and Parker, C •SudM m Bomb Catorimetry
IX—Formaooo ofSulfuric Add*. Fud. FUELB. VoL 37, 1951.
p.371.

X2, REPORTING RESULTS IN OTHER UNITS

X2.I Rtporting Route in Joules ptr Gram:
X2.I.I The gross calorific value can be expressed in

joules per gram, calories per gram, or British thermal
units per pound. The relationships between these units
are given in Table I.

X2.I.2 Because the energy of combustion of the
reference material is measured and certified by the
National Bureau of Standards in joules per gram, the
most straightforward usage of the reference material
would lead to the calorific value of the fuel in joules
per gram. To carry out this procedure, we make changes
outlined in X2.I.3 through X2.1.5.

X2.I.3 For calculating energy equivalent, substitute
Eq 2' for Eq 2:

£-[(«"!)•». et'Vt (2")
where the meanings of the symbols in Eq 2' are the
same as in Eq 2 except that:
£' - energy equivalent in units of joules per temper-

ature unit.
//' -the heat of combustion of reference material in

units of joules per gram weight in air (J/g from
the certificate for the NBS betuoic acid), and

i\' and ft' » corrections in units of joules, (see Table

X2.IX
X2.1.4 For calculating gross calorific value, substi-

tute Eq 3' for Eq 3:
Q, dross)- [«,') -ft'-ft']/f (3')

where the meanings of the symbols in Eq 3* are the
same as in Eq 3 except thac
Q, (gross) « gross calorific value with units of joules

per grain (weight in airX
£*- energy equivalent units, of joules per temperature

unit, and
e,', ft', and ft' - corrections in units of joules (see

Table X2.1).
X2.IJ Fncision.-
X2.IJ.I A«pra(a0f/io>--Duplicate results by the

same laboratory, using the same operator and equip-
ment, should not be considered suspect unless they
differ by more than 120 J/g.

X2.I.5J Reproducibilitr-Tt* results submitted by
two or more laboratories (different equipment, opera-
tors, dale of test, and different portions of the same
sample) should not be considered suspect unless the
results differ by more than 240 J/g.
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TAHLC X2J AtJfrmOvt T1iMnr*mlal CrnncOm fteun (Uritt li **lmf
/•-̂ UB« WWUIOfW^WBW **- |»i»»|ii »_
^"flwCWJO jfajcnr MUlllpiy 07

•>'(HNOi) JOJ/mL
5SJ i/cgS pereeDtafc of tulfiir ia suoplc

pun,
»,' (fuse wire) 0.95 J/wn

or
ft'(ftaewm) LUJ/tom

*»' (toe wire) «jOJ/o«
or

ft' (fu«e wire) 7.4 }/a%

kDHh (mm) of No. V B A S
Me Quoad C w«

km«h(imn)ofNo. J4B*S
fftft iroo wtR

au» (mf) of Quoad C wire

nim (104) of HDD win
* To be used ia Eq> 2' MM! V only.

TVXnwrican Societyjor Testing and Materials lakes mo position respecting the validity of any patent righu asserted in connection
••(/A any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every Jhe years and
if not revised, either reapproved or withdrawn. Your comments are invited either Jor revision of this standard or far additional
standards and shouldbe addressedto ASTM Headquarters. Tfour comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
mate your views known to the ASTM Committee on Standards. 1916 Aaer A.. Philadelphia. fA 19103.

467



humae:
J.S. Environmental Protection Agency
:LP Sample Management Of f i ce
P. 0. Box 618, Alexandria. Virginia 22313
PH"*S: (703J/557-2490 or FTS/557-2490

SPECIAL ANALYTICAL SERVICES
Client Request

, leglonal Transnrittal | ~| Telephone Request

A. EPA Rejion/Client: Region V___________________WW Engineering 6 Science

B. RSCC Representative; Jan Pels_______________________________
q. Telephone Number: (312) 353-2720

D. Date of Request: _________
E. Site Name: Skinner Landfill - West Chester. Ohio _______________________

•

Please provide below a description of your request for Special- Analytical Services under
the Contract Laboratory Program. In order to tost efficiently obtain laboratory capabil i ty for
your request, please address the following considerations. If applicable. Incomplete or
erroneous Information nay result In delay 1n the processing of your request. Please continue
r — oonse on additional sheets, or attach supplementary Information as needed.
1. General description of analytical service requested: Determination of organic carbon "^

in soil (air-dried-all screened through 100 or 140 nesh) . Applicable concentration 0.1.

to 10.0 % or more. Detailed information mist be provided with Case Narrative for test pro-

cedures, instrumentation/ apparatus and QC used. See Attachment 1.

2. D e f i n i t i o n jmd number of work units Involved (specify whether whole samples or
fractions; whether organlcs or Inorganics; whether aqueous or soil and sediments;
and whether lo*, medium, or high concentration): ____ so low soil and ___ 48 low
sediment samples.

Includes duplicates and blanks.

3. Purpose of analysis {specify whether Superfund (Remedial or Enforcement), KCRA,
NPOES, etc.):
Superfund, .Remedial Action

H-2
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4, Estimated date(s) of collection:
Estimated date(s) and method Of -Mpnenti Daily, overnight courier__________

6. Number of days analysis and data rtqulrtd afttr laboratory receipt of-samples:
Laboratory should report results within 30 days of receipt of samples.

7. Analytical protocol rtqulrtd (attach copy 1f ether than a protocol currently used 1n
this program):

See Attachment 7

8. Special technical Instruction (If outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):_______!_______________

See Attachment 8

9. Analytical results required (1f known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of-results will be
left to program discretion.

See Attachment 9

10. Other (use additional sheets or attach supplefnentary-^nformation, as needed):

11. Kame of sampling/shipping contact:^ Bob Phillips

phone. "616/ 942-9600 ext.

H-3



I. DATA BE'OUIBEMEKTS
Parameter;

Organic Carbon % in

Soil

Detection limit

0.10%; report actual
detection limit if
smaller __

Precision Oesirtd
or cone.)

— 20%; on duplicate
sample results

II. QC HEOU1REHEKTS

Audits Required
1—————————
Prep. Blanks

Duplicate Samples

3 Positiye Control (to be
determined bv the labl

4 Instrument Calibration
Checks and Calibration
flanks (if appropriate)

Frequency of Audits
1 in every 10 samples
or at least twice __

1 in S -jtamnl g<

1 in 10 samplea

1 in 10 or fewer samples

III. ACTION REQUIRED IF LIMITS ARE E1CEEPED;
Take corrective action and repeat analysis.

limits* (1 or Cone.)
<0.1\_________

<20% RPD in differences
"of duplicate sample
results, or <0.2%
differences at small
concentrations.""~

88-115% recovery
90-110% recovery for
calibration check. and

<0.1% total carbon for
assumed routine
sample weight

Jan Pels 312/ 353-2720 or Chuck Elly (312) 353-90f7'

Please return this request to the Sample Management Office is soon is possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Hanagement^Office.
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ATTACHMENT I

—: Determination of organic-carbon{f) 1n-soi1, using sub-aliquots of
air-dried soil, passed through a 10C nesh to 140 mesh screen. All of the
sub-aliquot oust pass the screen. Applicable organic carbon concentration
range of Interest 1s 0.1X to 181 (or larger) In soil, (dry weight basis).
Laboratory may report lower concentration values.

Test procedures used for determining soil shall be theory combustion
(resistance furnace), 2) Dry combustion (Induction furnace). 3) Dry combusi ton
(automated methods), or 4) Vet combustion (combustion train) methods of
analysis specified by Table 29-1 of "Methods of Soil Analyses," Part 2 -
Chemical and Microbiological properties, 2nd ed., 1982, American Society of
Agronomy, and Soil Science Society of America, Madison, Wisconsin. Copies
of this copyrighted material are not being provided, because no laboratory
doing organic carbon analysis of soil should be without It.

Any automated dry combustion test procedure used must provide results
consistent with the other 3 methodologies and must be consistent with the
requirements of Chapter 29, Sections 29-1, 29-2. and 29-3, "Methods of Soil
Analysis" (MSA) Part II, 2nd ed., as appropriate. Soils can be calcerous
or noncalcerous soils, with varying amounts of organic carbon. Soils
determined may be subsurface as well as surface soils. If peat or muck
soils are ever encountered, the laboratory will provide with the case
narrative, limitations of any sample results and any solutions to problems
encountered. This Is also true for any other problem sairple types encountered.

The laboratory, providing organic carbon analysis data, will provide
Information with the case narrative concerning methodology, Instrumentation,
and specific QA practices used for the set of soils tested. Requested in-
formation is detailed 1n items 18, and « of this SAS.



ATTACHMENT 7
_ Analytical Methods - Organic-Carbon in Soil — -

7a. Sample Preparation: Representative sub-aliquot of air-dried soil
(see % solids SAS) screened through 100 or 140 mesh as appropriate.
All of the sub-aliquot mist pass this screen.

b. Test for Presence of Inorganic Carbon, MSA, Part II, Section 29-3.3.1.
Place finely ground soil on a spot plate, and moisten with a few drops
of water. Add 4 M HC1 dropwise to the wetted sample and observe any
effervescence. Allow sufficient tine for dolomite to react (-5 Bin).
If Inorganic carbon 1s absent proceed with Total Carbon in items *7c.
or 7d below. If inorganic carbon is present, or the test is not
definitive, proceed with tieits *7e, 6r *7f prior to Total'Carbon '
measurements of Item I7c or I7d.

c. Total Carbon (Dry Combustion), MSA, Part II, Section 29-2.2.2. Use
this as a guide for instrumental specifications. Instrument must test
solid sample directly. Illustrative examples of this methodology are:

1) Total Carbon (Dry Combustion - Medium Temperature* Resistance
Furnace). MSA, Part II, Section 29-2.2.3.

2) Total Carbon (Dry Combusiton - High Temperature Induction
Furnace), MSA, Part II, Section 29-2.2.4.

3} Total Carbon (Dry Combust ton - Other Instrumental Methods), KSA,
Part II, Section 29-2.2.5. Any other instrumentation such as
this must be justified and provide results as precise and
accurate as the results from Sections 29-2.2.3, and 29-2.2.4.

d. Total Carbon (Wet Digestion), MSA, part II. Section 29-2.3.2 Soil digested
in 60:40 mixture of sulfuric acid and phosphoric acid (containing
C0£ evolved is absorbed and weighed, or absorbed in standard base and
titrated.

1) Specific examples are found in MSA, Part II, Figure 29-2.
Figure 29-3, and Section 29-2.3.3.

e. Pretreatment prior to Dry Combustion, MSA, Part II, Section 29-3.3.3.
Inorganic carbon is removed by treating sample in a combustion boat,
with 5X sulfurous acid (HjSOs). After several hours, remove the
excess H^SOa by leaving overnight in an evacuated dessicator. Read
citation for further details.

f. Pretreatment prior to Wet Digestion, MSA, Part II, Seciton 29-3.3.2.
Inorganic carbon is removed by sulfuric acid - ferrous sulfate reagent
in apparatus used for total carbon (Vet Digestion) prior to Total
Carbon measurement. See citation for further details.

- (cent, next page) -



ATTACWCKT 7 ( Cont.)

9* Use only the methods specified above or obtain approval of CPKS,
CRL prior to use of other method. Test procedure description, and
description of specific measurement principles Including equivalency
to each of the 10 Items of Figure 29*1 of USA, part II and sample
pretreatmenst of Section 29-3, MSA, Part II.

•

h. Laboratory performing Total Carbon determinations must use and have
a recognized procedure for recoval of any Inorganic carbon 1n sample.



ATTACHHEKT8

A variety of apparatus, Instrumentation, sample preparation systems
and read-cuts can be used. It Is the responsibility of the laboratory to
provide appropriate QC audits and QC data with each set of samples tested.

If instrumentation requires calibration, ;prov1de calibration curve,
Including zero concentration standard and preparation blanks. Provide
positive control (a test sample prepared Independently from calibration
stand*rds) that provides a measure of accuracy of system. This should be done
for all systems Including gravimetric read-cuts.



_ __ ATTACHMENTS _ ._
Analytical Results Required

As part of Case Narrative, attach description of test procedure and
Instrumentation used for measurement of Total C and removal of any Inorganic
C. Test procdure description must Include sufficient Information that the
nature of specific analytical result dellverables can be determined Including
QC audits. In Case Narrative, discuss any problem type samples (Including
peat or nuck soils), limitations on any sample results, and solution taken to
resolve any problems. A sample preparation log will be provided, as appropriate.

Bench record tabulating any order of any sample weights and tare weights
of absorbed C(>2» Instrument calibrations, blanks, QA audits, etc., must be
provided along with copies of any worksheets used to calculate results. In-
clude copies of any Instrument readouts. All must be legible. Report results
as J organic Carbon on a dry weight basis (103-105*).
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STANDARD OPERATING PROCEDURES

FOR

IN-SITU HYDRAULIC CONDUCTIVITY SLUG TESTS
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STANDARD OPERATING PROCEDURES
IN-SITU HYDRAULIC CONDUCTIVITY
FIELD MEASUREMENT PROCEDURES

General

Hydraulic conductivity can be estimated by a variety of techniques. One of the most
common techniques is to subject a monitoring well to a stress by changing its water level
and then monitoring how the water level responds to this stress. To perform a slug test
fin-situ hydraulic conductivity test), a known quantity of water is injected (or removed)
"instantaneously" into the well. After the water has been injected, the water level is
monitored as it returns to the original static water level.

Of the various methods for stressing the water level in a well, WW Engineering and
Science has found that application of a vacuum which draws water into the well is very
efficient After a constant vacuum can be released, creating the effect of an instantaneous
slug. It should be noted that in some applications, it may be more desirable to apply
pressure rather than a vacuum due to the static water level in the well.

Equipment Needed

Hermit Data Logger
10 psi Pressure Transducer
Air Cadet Pressure/Vacuum Station
Valves, Pipe Fittings, etc for well head
Pipe Wrenches
Stainless Steel Measuring Tape
12-Volt Battery

Before going into the field, information regarding the well diameter and casing material
should be known to be sure the in-situ kit contains the proper adapter for use with the
wells to be tested. Within the plastic container used to hold the equipment, there should
be adapters for 1-1/4", 2" and 4" diameter wells; PVC or galvanized casing; threaded or
unthreaded caps.

Procedure

1. Measure Static Water Level.

2. Record well number, date, time, water level, overall well depth, and test number
and step number of Hermit
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3. Mount valves and fittings on well head.

4. Position pressure transducer approximately 5 to 8 feet below water level (15 to 17
feet if pressure is to be applied to the well). Depth can be estimated when
lowering cable into well.

5. Connect Hermit cables between Hermit and transducer.

6. Install rubber fittings around transducer cable to insure an air-tight connection.

7. Connect clear tubing between Air Cadet pressure/vacuum station and well head
fitting.

8. Reference Hermit to zero using the following procedure.

The reference LEVEL mode is used to convert PSI values obtained with a
pressure transducer to water levels. This mode must not be used with any other
type of transducer. The parameters listed in the menu allow a wide variety of
transducer ranges and water level data display modes.

Use the SCAN DOWN Key to move the
display towards the bottom of the menu;
SCAN UP to move the display towards the
top of the menu. STOP/NEXT will exit the
menu and return to the status display. Press
ENTER to modify the displayed parameter
for the selected input

NOTE: The high and low limit alarm parameters will not be presented if the
alarm output option has not been installed.
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Reference Hermit (continued)

To modify the reference level, press ENTER
when the display shows the reference
parameter.

The current value of the reference level is
displayed with the leftmost digit blinking.
Use the SCAN and STOP/NEXT keys to
change the digits to their correct values.

Press ENTER to set the new value. The
display returns to the transducer menu.

The reference level parameter is used to reference the transducer readings to a
known initial condition. In hydrologic applications, this allows top of casing and
surface water values to be derived from transducer head readings. The transducer
must be connected to the instrument and placed at its initial depth before entering
the reference level. If absolute level values are not important and only changes in
level are required, the reference level must be set to zero. All water level display
modes require that the reference level be entered for proper operation.

To modify the transducer scale factor press
ENTER when the display shows the scale
parameter.
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Reference Hermit (continued)

The current value of the scale factor is
displayed with the leftmost digit blinking.
Use the SCAN and STOP/NEXT keys to
change the digits to their correct values.

9.0 Conduct a Pre-Run Checkout and make a note of the initial transducer value in
the following manner.

It is very important to check die operation of the unit before starting a test. A
quick reading taken on each active input ensures that all cables are connected and
that the transducers are properly set to their pre-run conditions.

Start from the status display. A transducer
can be read in any test mode.

Press the XD key. If two inputs are active,
the input number is displayed with a
blinking digit Use the SCAN keys to
change the input number to the desired
value. STOP/NEXT will abort the selection
and return to the status display. Press
ENTER to select the input This prompt is
skipped if only one input is active.
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Pre-Run Checkout (continued)

The unit takes a reading and displays the
transducer value...

... then returns to the status display.

A dual mode reading takes about 12
seconds...

... the primary parameter is displayed...

... Then die temperature in degrees
centigrade...

... then returns to the status display.

NOTE: When die level mode is selected and the unit is idling or waiting for a
delayed start, the transducer depth (head) is displayed instead of die water level.
This allows die operator to properly set the transducer below die largest expected
drop in water level.
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10. Connect wires from Air Cadet to 12-volt power supply.

11. Allow pressure/vacuum to stabilize within well. Well is stable when transducer
value remains fairly consistent for 25 to 30 seconds. This value should, in theory,
equal initial transducer value, but may not due to leaking well fittings, etc.

12. Close valve on pressure/vacuum line.

13. Immediately after closing valve, start Hermit in the following manner.

Starting a Test

Start from the status display with all test and
transducer parameters set A test can only
be started from the idle mode.

Press the START key. If the unit is in the
wrong mode, "Error" will be displayed. The
"ErLOG" message is displayed if
logarithmic sampling is selected with a dual
mode transducer.

The selected test number is displayed...
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Starting a Test (Continued)

... then the top selection from the start menu.
Press SCAN DOWN to select the delayed
start mode; SCAN UP to select immediate
start Press STOP/NEXT to cancel the start
function without collecting data. Press
ENTER to select the displayed start type.

NOTE: Pressing the START key does NOT begin data collection; it only initiates
the preparation to start procedures.

To perform an immediate start, press
ENTER when the display shows the
immediate start selection.

If the linear sampling mode has been
selected, the display returns to the status
display.

During the first ten minutes of log mode, the
unit displays the log cycle. Only the STOP
functions is active until...

... the display returns to the status display.
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Starting a Test (continued)

The normal sleep delay of thirty seconds is extended to ninety seconds to simplify
synchronizing the immediate start to an external event.

To set up a delayed start, press ENTER
when the display shows the delayed start
selection.

The current date is displayed with the
leftmost digit flashing. Use the SCAN and
STOP/NEXT keys to change the digits to
the delayed start date. Press ENTER to set
the delay date.

If the date setting is valid, the current time is
displayed with the leftmost digit flashing.
Use the SCAN and STOP/NEXT keys to
change the digits to the delayed start time.
Press ENTER to set the delay time.

The delayed start date and time must meet
the same criteria as an internal clock setting.
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If the time setting is valid, the display
returns to the status display. The unit will
automatically perform the start function (as
outlined for immediate start) at the
programmed date and time.

14. As soon as test begins, the Hermit will display "LOG 1". As soon as this is
displayed, open large valve.

15. Vacuum pump may now be shut off.

16. Allow water level to return to initial static water level The water levels cannot be
read for the first ten minutes of a test; after that the data can be displayed using
the following procedure:

Displaying Data

Start from the status display. Data may be
viewed in any test mode.

Press the DATA key. The unit will blink
the current test number. Use the SCAN
keys to change the test number to the
desired value. STOP/NEXT will abort the
selection and return to the status display.
Press ENTER to select the test for display.

The selected test number must be in the
range zero to the currently active test
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Displaying Data (continued)

The active test has not been run and contains
no data.

If more than one input is active select the
input to be displayed and press ENTER. If
only one input is active, this prompt is
skipped

If more than one step has been used, the
highest step number is displayed. Select the
step number to display and press ENTER.
This prompt is skipped if no steps have been
used.

The unit then displays the elapsed time in
minutes of the last sample point..

... then the sample point value in the selected
units.
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Displaying Data (continued)

If a dual mode transducer is selected, the
unit will then display the temperature in
degrees centigrade.

Use the SCAN DOWN key to display earlier data points; the SCAN UP key to
display later data points. STOP/NEXT will abort the data display and return to
the status display. Holding down the ENTER key and pressing a SCAN key will
cause the unit to scan up or down by ten data points. Each time a SCAN key is
pressed, the display shows the elapsed time in minutes and the data point value.

To view data from the start of the test or
step, press the START key. The display
shows the start date...

the start time...

moves to time T » O...

then displays the data at T = O.
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Display Data (continued)

NOTE: Elapsed time values for the first two seconds of log mode data will
appear somewhat ambiguous due to the display's inability to show small decimal
values. Elapsed time up to two minutes cannot be displayed with full resolution.
Use the following table to convert the displayed times to their full resolution.

17. After water level has stabilized, stop Hermit test and remove everything from
well. To stop a Hermit test, use the following procedures:

Stopping a Test

Start from the status display with the unit in
an active data collection mode. Hold down
the ENTER key and press the STOP/NEXT
key.

The "Error" message is displayed if the unit
is already stopped and is in the idle mode.

Otherwise the stop prompt is displayed with
an underline cursor flashing. Press
STOP/NEXT to cancel the stop selection;
ENTER to confirm the selection.

When the stop function is confirmed, the
unit returns to the status display.
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Stopping a Test (continued)

NOTE: During the first ten minutes of log mode data collection the stop function
acts immediately with no opportunity to confirm or cancel the selection.

Additional Comments

Additional steps are required if more than ten tests are to be run before transferring the
data to the IBM. Rather than stopping the test (Step 16), simply unplug transducer and
proceed as above. This will cause the Hermit to continue to process data while moving
to the next well. The procedure at the next well will be the same as outlined above, with
the exception that the Hermit cannot be referenced to zero; rather than starting the test
(Step 13), the test must be stepped using the following procedure:

Stepping a Test

A step can only be started when the unit is
in die run mode.

Press the START key. "Error" will be
displayed if the unit is in the wrong mode, if
the last step (4) is already running, or if
there is insufficient memory to start the next
step

Otherwise the next step number is
displayed...
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Stepping a Test (continued)

... Then the top selection from the start
menu. The start menu options are identical
to those for starting a test

NOTE: When a delayed start is programmed for a step, data collection will stop
for the previous step. The unit will not collect further data until the delayed start
time.

The Hermit is capable of handling Step O through 4 for each test; therefore, it expands
the capability of the Hennit to 50 slug tests. It is not recommended to store that many
tests in the Hennit because if the operator should make a small error in running the
Hermit, it could erase all the tests.

If the static water level is within 5 feet of top of casing, it is recommended that pressure
be applied rather than a vacuum. This is due to the fact that the vacuum might pull the
water up into the Air Cadet and possibly damage the pump seals.

The pressure or vacuum release valves should be set at the proper setting to allow for 3 to
5 feet of water level change. If not, refer to Air Cadet owner's manual to change settings.

If the ambient temperature is greatly different than ground water temperature (above
8CK>F or below 30°F) about ten minutes should be allowed so that the pressure transducer
can stabilize after is has been lowered into the ground water.

DATA INTERPRETATION

Data Transfer

Data are transferred from Hermit to the IBM via the RS-232 port using a menu-driven
software package from In-Situ, Inc.
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After data is computed, PC-Write is used to edit the file, so that it is in the proper form to
import to a lotus file. This requires removing all of the data headings, and removing the
two spaces between the minus sign and the numbers. This edited file is saved as a ".pm"
file so it can be imported into Lotus.

Lotus 1-2-3 is used to manipulate the data. Transducer values need to be corrected to
display differences from static water levels. Time values are corrected so it begins at the
start of the test (transducer value changes dramatically). Data are manipulated and
graphed using Lotus.

Methods:

An understanding of the subsurface conditions is a prerequisite to proper interpretation of
test results. This includes knowledge of the type of geologic materials being tested, the
thickness of the test zone, the type of geologic materials overlying and underlying the test
zone, and the position of the well screen within the test zone. In addition, the physical
dimensions of the well must be known.

Method 1:

The Bouwer and Rice (1976) solution to water level decay after stress is applicable to
unconfined conditions, but die authors note that the technique is applicable to confined
aquifers if the water enters the aquifer through the upper confining layer through
compression or leakage. Their equations are based on a modification of the Time
equation and assumes:

1. Drawdown of the water table around the well is negligible.

2. Flow above the water table can be ignored.

3. Head losses as water enters the well are negligible.

4. The aquifer is homogeneous and isotropic.

The equations of importance are:

K - [rcZlnOle/rw) In (Yo/Yt]/[2 It]

and (for partially penetrating wells):

In (Re/rw) = f 1.1 + A + Bl
ln(h/rw)
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Where:

1 = screen length
water level, static, and at time t

RC = effective radius over which Y is dissipated
rc = radius of casing

rw = horizontal distance from well center to original aquifer
t = time between measurements

H = distance between static water level and base of screen
D = aquifer thickness

A3 = dimensionless coefficients that are a function of 1/rw and determined
graphically

Values of time and water level are selected from the straight-line portion of the plot of
water level Gog scale) versus time (arithmetic scale). These values plus the values for
well construction and aquifer thickness are substituted into the above equations to
determine horizontal hydraulic conductivity.

Method 2:

Hvorslev (1951) noted that flow of water to or from an observation well will take place
until the pressure differential between the formation and the well are eliminated. The
time required for equalization of pressure is defined by Hvorslev as the basic lag time
(designated T). The magnitude of the time lag is dependent upon well construction and is
inversely proportional to permeability. The basic time lag is determined graphically from
a plot of residual hydraulic head Gog) versus time (arithmetic).

Hvorslev presented equations to calculate permeability from test results using various
types of observation wells. A technique commonly used by WW Engineering and
Science is Hvorslev's Case G, where the observation well screen is installed within an
aquifer and confining strata are far above or below the screen.

In this case, horizontal permeability is defined by:

kh = [d2ln(2ml/D]/[81T]

04003.01/eid/appedxe



Where:

d = diameter of well casing
1 = length of openings in well screen

D = diameter of well screen
m = transformation ratio; m = (kh/ky)
T = basic lag time

kh = horizontal permeability
ky = vertical permeability

Hvorslev's equations require values for the ratio of horizontal versus vertical
permeability; but since this is rarely known, die ratio is estimated. The reader should
refer to the original texts of the authors referenced for more details on applicability of
these tests.
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STANDARD OPERATING PROCEDURE

FOR MEASURING

SPECIFIC CONDUCTIVITY WITH
YSI MODEL 32
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Standard Operating Procedure for
Field Determination of Conductivity, Method 205

Groundwater, Surface Water, and Wastewater

1.0 Method Summary

1.1 Conductivity is a numerical expression on aqueous solution's ability to
carry an electric current This is dependent on the presence of ions, their
concentrations, mobility, valence, and on the temperature of the solution.

1.2 The conductivity probe is immersed in a sample and the conductivity is
read directly off of the meter scale.

2.0 Interferences

2.1 Temperature greatly influences the electrolytic conductivity of a sample.
therefore, it is extremely important accurate temperature measurements
are made.

3.0 Instrumentation

3.1 Conductance meter YSI Model 32.

4.0 Materials and Reagents

Conductivity cell
Thermometer
Specimen containers

5.0 Standard

5.1 Primary Working Standard:

Potassium chloride standard O.OIN: dissolved 0.7456 g anhydrous KCI in
deionized water and dilute to 1 liter at 25OC. Conductivity = 1,413
umhos/cm.
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6.0 Calibration

6.1 Check the conductivity of the standard prior to actual sample evaluation.
Record the temperature of each standard.

6.2 Calculate the conductivity at 25°C making adjustments for the
temperature, see 8.1 for equation.

7.0 Procedure

7.1 Rinse the cell with deionized water.

7.2 Measure the conductivity of each sample by swirling the cell in a portion
of the sample. Record the conductivity reading and the temperature.
Collect three conductivity readings until the readings are within ±5
umhos/cm.

7.3 Calculate the conductivity at 25°C as outlined in Section 8.1.

8.0 Calculations

8. 1 Conductivity at 25°C =
1+0.0191(1-25)

K » measured conductivity
t » temperature of sample, °C

9.0 Quality Control

9. 1 Document all calibrations and verification of readings including time and
meter readings.

9.2 A blank of deionized water is run and should have a conductivity of less
5 umhos/cm.

9.3 The initial standard is checked in between samples.

04003.01/eid/appedxe



STANDARD OPERATING PROCEDURES

FOR

HNU MODEL PI 101
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Standard Photoionization Detector (PID)
Operations and Procedures

Introduction

The Hnu model PI 101 is designed to measure the concentration of trace gases in the
atmosphere. The principle of photoionization detection (PID) is employed. A sensor,
consisting of a sealed ultra-violet light source (either 9.5 eV, 10.2 eV, or 11.7 eV) emits
photons energetic enough to ionize many trace species of organic hydrocarbons. The
ionized gases are in turn detected by a collector electrode where the current is measured
and converted to a ppm value. The useful range of the instrument is from a 1 ppm to
2,000 ppm. This instrument is used frequently by WW to evaluate ambient air quality for
health and safety purposes or to detect the presence of volatile organic hydrocarbons in
soil and sediment samples.

Operation

1. Turn the function switch to the "battery check" position. The needle on the meter
should read within the green area (battery area) of the scale; if not, the battery
should be recharged.

2. Turn the function switch to the "on" position. Look into the end of the probe and
confirm the purple glow of the UV lamp.

3. Zero the instrument; turn the function switch to the "standby" position and rotate
the zero potentiometer until the meter reads zero. Clockwise rotation = upscale
deflection; no calibration gas is necessary for this adjustment. Confirm zero
reading is stable; if not, readjust

4. Calibrate the instrument; turn the function switch to the proper measurement
range (specific to the calibration gas). Connect the sensor to the provided
cylinder of calibration gas, open the valve on the cylinder. Use the span control
to adjust the instrument scale reading to the ppm value specified on the cylinder
of calibration gas. The instrument is now ready for use. Be sure to position the
function switch to "stand-by" between observations to prevent unnecessary drain
on the battery.

5. To prevent the undetected escape of volatile vapors when scanning split spoon
soil or sediment cores, have the instrument at the ready when the split spoon is
opened.
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Immediately upon opening the corer or split spoon, disturb the sample and scan
representative areas of the sample.

6. The battery should be recharged each night. To charge the battery, place the
mini-phone plug into the jack prior to plugging in the 120 VAC. When
disconnecting the charge, remove from the 120 VAC before removing the mini-
phone plug. Check the battery to confirm its charge.

7. If the probe is held near AC power lines or transformers, an error may be
observed If AC "pick-up" is going to be a problem, the meter, in "stand-by"
position, will indicate the magnitude of the error rather than reading zero. This
may be taken into consideration and the error compensated for by simply
subtracting the value observed when the instrument was on stand-by from the
observed detected value when making a positive reading.

8. The HNu PID is affected by humidity. It will not function properly in rainy
weather, and "negative" deflection and difficulty with zeroing the instrument can
occur under otherwise humid conditions.
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STANDARD OPERATING PROCEDURE

FOR

KECK GEOPHYSICAL LOGGER
GAMMA LOGGING
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Keck SR-3000 Gamma Logger
Standard Operating Procedure

1.0 Operating Instructions

The Keck SR-3000 Logger can be used to measure the natural gamma emissions within a
borehole. The unit is designed to detect the presence of gamma radiation emitted
primarily from radioactive potassium (K40).

1.1 Instrument Description

The instrument is designed to be carried in a truck or large vehicle and is made up of
three primary units; the cable reel, the control console, and the logging probe. The cable
reel contains 1500 feet of cable along with a 12 volt clutch-driven motor, depth indicator,
and connector. The control console contains the logger speed, module select, recorder
sensitivity, and power switches. Also the console has two analog recorders with
independent base line zero adjustments. Instrument modules are required for each
logging tool and plug into the control console.

1.2 Initial Set-Up Procedure

Connect the three interfacing cables between the control console and the cable reel. The
cables should be connected as numbered on the units. Connect the two power cables to
the control console and then connect the end clips to a 12 volt DC power supply making
sure that the main power switch is off prior to the power hookup.

The next step is to position the system controls as follows:
(Refer to Figure 1 for the system controls location)

Switch Item No. Setting

Main power 1 off
Logging direction 5 off
Logging speed control 6 fully counterclockwise

Zero adjust 13 & IS fully counterclockwise
Module selector switches 7 & 8 off: center position
Recorder channel sensitivity 9 & 10 1
Module Power 20 off
Depth counter 14 0000.0
Chart speed 21 5

04003.01/eid/appedxe



1.2.1 Gamma Logging Setup

After the controls have been correctly positioned the gamma logging module
should be inserted into either one of the module slots as shown in Figure 1. Next,
the gamma ray sonde or logging tool should be connected to the cable reel
connector. This may require the reeling of some cable out of the cable reel. To
do this first turn on the main power switch, switch the logging direction switch to
"down", and then slowly turn the speed adjust control knob. The vehicle should
be turned on during logger operation. The connector and the tool should be
mated by aligning die 4 pins, making sure that the larger pin is aligned with the
larger hole. The connector is then slid together, and the threaded cover should be
screwed down securely.

The next step is to place the sonde in the borehole. The cable should be placed on
the well cable pulley unit or a suitable substitute to prevent cable wear. Lower
the cable until the connector (top of the sonde) is at ground surface.

If the vehicle's 12-volt battery is being used, the vehicle should be turned on
during logger operation.

At this point, the gamma module is in one of the available slots and the main
power should be on. The instrument controls should be set as follows:

Switch Item No.

Main power 1
Logging direction 5
Speed adjust control 6
Zero adjust 13 & 15
Module selector switches 7 & 8
Recorder channel sensitivity 9 & 10
Module power 20
Depth counter 14
Chart speed

Module adjustments
Time constant 18
Sensitivity

(1) Depending on the module position

Setting

on
off

fully counterclockwise
fully counterclockwise

right or left(l)
1

on
0000.0

5

5
IK
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1.2.2 Zeroing

First make sure that both of the module selector switches are switched to the
correct location, depending on which slot the gamma module has been inserted.
Hold the zero button down with the pens in the up position and wait until the pen
locations stabilize. Then use the zero adjust knobs (13 & 15) to position the pens
at the left hand edge of the chart scale. At this point it is a good idea to remove
the pen covers.

1.2.3 Depth Setting

Rotate the metal sheave on the cable unit by lifting and rotating until the depth
indicator displays -1.9. this position corresponds to the depth of measurement of
this sonde, assuming the top of the sonde is at ground surface. Now adjust the
paper position until the pens are at a depth of 1.9 feet (approximately 2 small
squares). Mark a reference depth on the paper.

1.2.4 Logging

Now lower the pens onto the paper, do not lower the pens to the lowest position,
just lower them until they firmly contact the paper. Typical gamma readings for
unconsolidated sediments range from 100 to 2000 counts per minute. Set the left
channel sensitivity on .2 and the right channel sensitivity on .5. These two
settings should be a good starting point, but if additional information on the
geology is available these starting positions can be varied.

Switch the logging direction switch to "down" and rotate the logging speed
control knob until the cable speed indicator reads between 10 and 15 feet per
minute.

The downhole log is typically used for adjustment, and the sensitivities and time
constant can be varied until a satisfactory log is being generated. Continue
logging until the bottom of the boring is encountered. At this point switch the
logging direction switch to the middle position and rotate the speed control fully
counterclockwise. Lift the pens off the paper. Now remove the cable slack. The
depth reading should correspond closely to the measured depth of the boring.
Rotate the paper in each of the recorders until the pens line up on the footage
corresponding to that on the depth indicator. Lower the pens. Switch the logging
direction switch to the "up" position and rotate the logging speed control until the
logging speed reads at or below 10 feet per minute. Maintain the logging speed
as close to a constant speed as possible. Continue logging until the sonde reaches
the starting position. The pens should be at or near the zero depth position on the
chart paper.
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Remove the chart paper and record the instrument settings, logging speed, depths,
date, well number, operator, job number, and client in pencil on the log.

1.3 Instrument Calibration

Field calibration of the gamma ray sonde is not necessary. The instrument is calibrated
during manufacturing and must be periodically checked by the manufacturer.
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STANDARD OPERATING PROCEDURE

FOR

OVA
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ORGANIC VAPOR ANALYZER

Introduction

The Organic Vapor Analyzer 128 (OVA) is a sensitive instrument designed to measure
trace quantities of organic materials in air using a flame ionization detector.

The instrument has broad application since it has a chemically resistant air sampling
system and can be readily calibrated to measure almost all organic vapors. It has a single
linear scaled readout from 0 ppm to 10 ppm with a xl, xlO and xlOO range switch. It is
ideal for the determination of many organic air pollutants and for monitoring the air in
potentially contaminated areas.

Theory

The OVA 128 instrument utilizes the principle of hydrogen flame ionization for detection
and measurement of organic vapors. The instrument measures organic vapor
concentrations by producing a response to an unknown sample, which can be related to a
gas of known composition to which the instrument has previously been calibrated.
During normal survey mode operation, a continuous sample is drawn into the probe and
transmitted to the detector chamber by an internal pumping system. The sample stream
is metered and passes through particle filters before reaching the detector chamber.
Inside the detector chamber, the sample is exposed to a hydrogen flame which ionizes the
organic vapors. When most organic vapors burn, they leave positively charged carbon-
containing ions. An electric field drives the ions to a collecting electrode. As the
positive ions are collected, a current corresponding to the collection rate is generated.
This current is measured with a linear electrometer preamplifier which has an output
signal proportional to the ionization current A signal conditioning amplifier is used to
amplify the signal from the preamp and to condition it for subsequent meter or external
recorder display.

Operation

Start-Up Procedure

a. Connect the Probe/Readout Assembly to the Sidepack Assembly by attaching the
sample line and electronic jack to the Sidepack.

b. Select the desired sample probe (close area sampler or telescoping probe) and
connect the probe handle, before tightening the knurled nut, check that the probe
accessory is firmly seated against the flat seals in the probe handle and in the tip
of the telescoping probe.
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c. Move the Instr/Batt Switch to the test position. The meter needle should move to
a point beyond the white line, indicating that the integral battery has more than
four hours of operating life before recharging is necessary.

d Move the Instr/Batt Switch to the "ON" position and allow a five-minute warm-
up.

e. Turn the Pump Switch on.

f. Use the Calibrate Adjust knob to set the meter needle to the level desired for
activating the audible alarm. If this alarm level is other than zero, the Calibrate
Switch must be set to the appropriate range.

g. Turn the Volume knob fully clockwise.

h. Using the Alarm Level Adjust knob, turn the knob until the audible alarm is
activated

i. Move the Calibrate Switch to xl and adjust the meter reading to zero using the
Calibrate Adjust (zero knob).

j. Open the hydrogen Tank Valve one or two turns and observe the reading on the
Hydrogen Tank Pressure Indicator. (Approximately 150 psi of pressure is
required for each hour of operation).

k. Open the Hydrogen Supply Valve one or two turns and observe the reading on the
Hydrogen Supply Pressure Indicator. The reading should be between 8 and 12
psL

1. After approximately one minute, depress the Igniter Button until the hydrogen
flame lights. The meter needle will travel upscale and begin to read 'Total
Organic Vapors". Caution: Do not depress igniter for more than six seconds. If
flame does not ignite, wait one minute and try again.

m. The instrument is ready for use.

NOTE: If the ambient background organic vapors are "zeroed out" using the Calibrate
Adjust knob, the meter needle may move off-scale in the negative
direction when the OVA is moved to a location with lower background If
the OVA is to be used in the 0 to 10 ppm range, it should be "zeroed" in
an area with very low background A charcoal filter can be used to
generate the clean background sample.
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Shut Down Procedure

The following procedure should be followed for shut down of the equipment:

a. dose HYDROGEN TANK VALVE

b. dose HYDROGEN SUPPLY VALVE

c. Move INSTR Switch to OFF

d. Wait five seconds and move PUMP Switch to OFF. INSTRUMENT IS NOW IN
A SHUT DOWN CONFIGURATION.

Fuel Refilling

NOTE: Use PREPURIFIED or ZERO grade hydrogen (certified total hydrocarbons as
methane <0.5 ppm recommended.

a. The instrument and the charger should be completely shut down during hydrogen
tank refilling operations. Refilling should be done in a ventilated area. THERE
SHOULD BE NO POTENTIAL IGNITERS OR FLAME IN THE AREA.

b. If you are making the first filling on the instrument, or if the filling hose has been
allowed to fill with air, the filling hose should be purged with hydrogen prior to
filling the instrument tank. This purging is not required of subsequent filling.

c. The filling hose assembly should be left attached to the hydrogen supply tank
when possible. Ensure mat the FILL/Bleed Valve on the instrument end of the
hose is in the OFF position. Connect the hose to the refill connection on the Side
Pack Assembly.

d. Open the hydrogen supply bottle valve slightly. Open the REFILL VALVE and
the HYDROGEN TANK VALVE on the instrument panel and place the
FILL/BLEED Valve on the filling hose assembly in the FELL position. The
pressure in the instrument tank will be indicated on the HYDROGEN TANK
PRESSURE Indicator.

e. After the instrument fuel tank is filled, close the REFILL VALVE on the panel,
the FILL/BLEED Valve on the filling hose assembly and the hydrogen supply
bottle valve.
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f. The hydrogen trapped in the hose should not be bled off to atmospheric pressure.
CAUTION should be used in this operation as described in Step (g.) below, since
the hose will contain a significant amount of hydrogen at high pressure.

g. The hose is bled by turning the FILL/BLEED valve on the filling hose assembly
to the BLEED position. After the hose is held down to atmospheric pressure, the
FILL/BLEED valve should be turned to the Fill position to allow the hydrogen
trapped in the connection fittings to go into die hose assembly. Then, again, turn
the FILL/BLEED Valve to the BLEED position and exhaust the trapped
hydrogen. Then turn the FILL/BLEED Valve to OFF to keep the hydrogen at one
atmosphere in the hose so that at the time of next filling there will be no air
trapped in the filling hose.

h. dose the HYDROGEN TANK VALVE.

i. With the HYDROGEN TANK VALVE and HYDROGEN SUPPLY VALVE
closed, a small amount of HYDROGEN at high pressure will be present in the
regulators and plumbing. As a leak check, observe the HYDROGEN TANK
PRESSURE Indicator while the remainder of die system is shut down and ensure
that the pressure reading does not decrease rapidly (more than 350 psi/h) which
would indicate a significant leak in the supply system.

Calibration Using a Single Sample Calibration

Calibration may be accomplished using a single known sample of methane in air in the
range of 90 to 100 ppm. This may not provide the accuracy stated under specification
but is adequate for field survey work.

a. Place instrument in normal operation with CALIBRATE Switch set to x 10 and
GAS SELECT control set to 300.

b. Use the CALIBRATE ADJUST (zero) knob to adjust the meter reading to zero.

c. Introduce a methane sample of known concentration (between 90 and 100 ppm,
not to exceed 1000 ppm) and adjust trimpot R-32 so the meter reading
corresponds to the known sample.

d. This sets the instrument gain for methane with the panel mounted gain adjustment
(GAS SELECT) set at a reference number of 300.

e. Turn off HYDROGEN SUPPLY VALVE to put out flame.
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f. Leave CALIBRATE Switch on xlO position and use CALIBRATE ADJUST
(zero) knob to adjust meter reading to four ppm.

g. Place CALIBRATE Switch in xl position and using trimpot R-31, adjust meter
reading to four ppm.

h. Move CALIBRATE Switch to xlO position again. Use CALIBRATE ADJUST
(zero) knob to adjust meter to a reading of 40 ppm.

i. Move CALIBRATE Switch to xlOO position and use trimpot R-33 to adjust meter
reading to 40 ppm.

j. Move CALIBRATE ADJUST (zero) knob to adjust meter reading to zero.

k. Unit is now balanced from range to range, calibrate to methane, and ready to be
placed in normal service.

Limitations

The OVA has an inherent limitations in that it can detect only organic molecules. Also, it
should not be used at temperatures lower than about 4(X>F because gases condense in the
pump.

It should be noted that due to the compressed hydrogen supply, the instrument cannot be
carried on passenger aircraft, and therefore, unless driven to the site, will have to be sent
through Federal Express as dangerous goods.
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STANDARD OPERATING PROCEDURE

FOR

OVM
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OPERATION

1.0 INTRODUCTION

The 580A has seven switches located just below the display. They are labeled:

ON/OFF
MODE/STORE
RESET
LIGHT
+/INC
-/CRSR
SPKR

The ON/OFF switch toggles the lamp and pump power between on and off. The
MODE/STORE, RESET, +/INC, -/CRSR and SPKR switches all have various meanings
(including none at all) depending upon the mode. The SPKR switch normally is used to
toggle the instrument speaker between on and off. Pressing the MODE/STORE switch
will cause the 580A to return to the Run mode. Except when the 580A is already in the
run mode. In which case it will cause the 580A to enter the log mode.

The light switch is used to run on an incadescent light which is mounted behind the
display. This is to allow the use of the 580A in dark areas.

The 580A has several modes. Some of the modes may have sub modes. The modes and
sub modes are tabulated below.

Run mode
Concentration meter normal
Max hold

Log mode
Parameter mode

Calibration mode
Access mode
Clock mode
Communication mode

The following sections will describe each mode and how to get to them and through
them. It is strongly suggested that this section be carefully read and that the 580A be
used along with the manual in order to reinforce the manual.
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2.0 RUN AND LOG MODE

2.1 Power for Lamp and Pump

When the S80A is first turned on the display will indicate that the lamp is not lit.
Pressing the ON/OFF switch will tell the microprocessor to turn on the lamp and the
pump. The microprocessor will send power to the lamp and pump and then "look" to see
if the lamp actually lit If it did not light then the microprocessor will try again. If after
six tries the lamp still will not light then the microprocessor will indicate a lamp out
condition.

In the event that the microprocessor is unable to light the lamp, check the seating of the
lamp. If the problem persists call service.

Once the lamp is lit the display will show the PPM (part per million) on the bottom line.
The top line will either be a bar graph or the maximum reading (see Section 2.2).

To turn the lamp and pump off simply press the ON/OFF switch.

2.2 Run Modes

The 580A has two run modes, Max Hold and Concentration meter. The run mode is
selected in the Parameters section (see Section 4.3). In the concentration meter mode the
top line of the display will be a bar graph. The bar graph is a logarithmic bar graph over
the range of 0 to 2000 PPM. The bar graph is intended as a rough visual indication of the
current PPM. The bottom line will indicate the exact PPM.

In the Max Hold mode the top line of the display will indicate the maximum reading.
The bottom line of the display will indicate the current PPM. Whenever a new maximum
is seen the top line will be updated.

2.3 Log Mode

The ability to log" data is one of the 580A's greatest features. Readings may be stored
for later analysis. Each reading will have a date and time as well as a location code
associated with it Up to over 700 readings may be stored. Logged data may even be
sent to a printer or computer via an RS232 serial communication port

The Log mode is entered from the Run mode by pressing the MODE/STORE switch.
When this switch is pressed from the Run mode the display will show:

LOG THIS VALUE?
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on the top line and either PPM or MAX PPM on the bottom line depending upon which
run mode the 580A is current in. By pressing the +/INC switch the display will then
show:

LOG. CODE 000001

on the top line (the actual location code may not be 000001). The location code may now
be entered By pressing the RESI and +/INC switches together the number above the
cursor may be incremented By pressing the RESET and -/CRSR switch together the
cursor may be moved to the next digit

Once the desired location code has been entered pressing the MODE/STORE switch will
'log" the data point This means that the reading displayed on the bottom line along with
the location code, the current date and the current time will be stored into the SSOA's
memory. The 580A will then return to the Run mode.

If for any reason logging is not desired, pressing the RESET switch rather than the
MODE/STORE switch will cause the value not to be stored The 580A will then go back
to displaying:

LOG THIS VALUE?

Pressing the mode switch will now return the 580A to the Run mode.

2.4 Speaker

While the 580A is in the Run mode the speaker may be turned on. The speaker will
generate a "clicking" which will increase in speed as the concentration increases. The
purpose of the speaker is to give to operator an audible indication the PPM. The speaker
may be turned on or off by pressing the SPKR switch. The speaker rate may also be
changed by charging the switches located inside of the side door. Only one of the four
speaker rate switches should be on (the down position) at any time.

2.5 Low Battery

The 580A will display a warning when the battery is low. The warning will be a flashing
B in the right hand comer the top line of the display when the 580A is in the Run mode.
The 580A should be recharged when the low battery warning is activated
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2.6 Overrange

The 580A will display an overrange warning if the concentration goes above 2000 PPM.
The top line of the display will show:

OVERRANGE

Once an overrange condition occurs the instrument will "lock out". This means that the
overrange warning will continue to be displayed until the instrument is brought to a
"clean" area. A clean area is defined to be an area where the concentration of organic
vapors is below 20 PPM. The 580 a will continue to indicate PPM on the bottom line
during an overrange conditions.

2.7 Alarm

The 580A has an alarm which will sound if the PPM rises above the alarm setting. The
alarm setting is entered in the Parameters mode (see Section 4.3). If the speaker is not
activated then the alarm will of course not be heard. Once the PPM drops below the
alarm setting the alarm will turn off.

3.0 MAIN MENU

By pressing the MODE/STORE switch from the Run mode and then pressing the -/CRSR
switch when asked if logging is desired, the S80A will display the main menu.

R/COMM -/PARAM
+/ACCESS S/CLOCK

The other four operating modes (Communication, Parameters, Access and Clock) may be
entered from the Main menu. The operating mode may always be returned to by pressing
the MODE/STORE switch.

4.0 PARAMETERS MODE

All of the 580A operating parameters are entered in the Parameters mode. The 580a is
also calibrated from within the Parameters mode. The Parameters mode may be entered
by pressing the -/CRSR switch from the main menu.

Their are seven different sections in the parameters mode.

1. Run mode selection
2. Average time selection
3. Alarm setting
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4. Lamp selection
5. Response factor setting
6. Calibration
7. Free space indication

Pressing the +/TNC switch will advance the 580A to the next section. Pressing the -
/CRSR will advance the 580A to the previous section. Each section and any of its sub-
sections will be described in the following pages. It is important to note that when the
580A is in a sab-section of any of the above sections that the +/INC and -/CRSR switches
will have a different meaning. This may seem confusing at first but will become clear
after stepping through each section.

4.1 Run Mode Selection

There are two Run modes. Concentration meter normal and Max Hold (see Section 2.2).
The top line of the display will show:

CONC METER

the bottom line will show:

"RESET1 TO CHG

the bottom line will alternate every two seconds with:

MAX HOLD

if the 580A is in the Max Hold mode. Pressing the RESET switch will cause the 580A to
show:

MAX HOLD
+ = USE/-=NO

if the +/TNC switch is pressed then the Max Hold mode will be selected. If the -/CRSR
switch is pressed then the Concentration meter normal mode will be selected. In either
case the 580A will then return to the previous screen.
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4.2 Average Time Selection

The 580A can be configured to display the average PPM every one, five, ten or twenty-
five seconds. The display will show:

AVERAGE = 1
"RESET1 TO CHG

Pressing the RESET switch will cause the S80A to show:

R/l- S/25

Pressing the +/INC, -/CRSR, RESET, or SPKR switch will cause the average rate to be 1,
5, 10 or 25 seconds respectively. The 580A will then return to the previous screen.

4.3 Alarm Setting

The 580A will display the current alarm setting on the top line of the display. The setting
may be changed by simultaneous pressing the RESET switch with either the +/INC
switch to increment the digit above the cursor or the -/CRSR switch to move the cursor.

4.4 Lamp Selection

The 580A will display:

LAMP

one the top line. The bottom line will alternate every two seconds between:

"RESET' TO CHG

and the currently selected lamp setting.

i.e.

11.8eV

By pressing the RESET switch, the 580A will display:

+/10eV -/HeV
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on the bottom line. Pressing the +/INC switch will select the lO.OeV lamp. Pressing the
-/CRSR switch will select the 11.8eV lamp. In either case the 580A will return to the
previous screen.

4.5 Response Factor Setting

The current Response Factor setting will be displayed on the top line of the display. The
Response Factor may be changed by simultaneously pressing the RESET switch with
either the +/INC switch to increment the digit above the cursor or the -/CRSR switch to
move the cursor.

4.6 Calibration

The 580A will display:

"RESET' TO
CALIBRATE

The calibration mode may be entered by pressing the RESET switch. The 580A will
display:

ZERO GAS
RESET WHEN READY

Once zero gas has been introduced the RESET switch should be pressed. The S80A will
then zero the instrument. The 580A will display:

MODEL 580A
ZEROING

Once the S80A has been zeroed the 580A will display:

SPANPPM *0000

The Span gas concentration may now be entered by simultaneously pressing the RESET
switch and either the +/TNC switch to increment the digit above the cursor or the -/CRSR
switch to move the cursor. Once the span gas concentration has been entered the +/INC
switch should be pressed.
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The 580A will then display:

SPAN GAS
RESET WHEN READY

Once the span gas has been introduced the RESET switch should be pressed. The 580A
will then calibrate the instrument The 580A will display:

MODEL 580A
CALIBRATING

Once the S80A has been calibrated the 580A will go back to the beginning and display:

"RESET* TO
CALIBRATE

If during the zeroing or calibrating of die 580A a steady reading was not seen then the
580A will display:

CALERROR
RESET WHEN READY

Pressing the RESET switch will return the 580A to zeroing or calibrating (depending of
course on which it came from).

4.7 Free Space Indication

This section will give a rough indication of how much room is left for logging data
points. The screen will display a bar graph on the top line and the amount of free space
on the bottom line. The number indicates die total number of bytes which are available.
Each data point take fifteen bytes. Other bytes may also be needed in order to store other
important information. This is why only a rough indication of room may be given.

5.0 ACCESS MODE

The Access mode is entered by pressing die +/INC switch from die main menu. The
580A has four access levels, zero dirough three. Level zero will only allow die operator
to log data points and of course to change access levels (only if die access code is
known). Level one will also allow die user to change die use identification number.
Level two will allow die user complete access to die Parameters mode, and allow
viewing of die date and time. Access level diree allows complete access.
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The access mode has three sections:

1. Access level
2. User identification number
3. Instrument number

Pressing the +/INC switch will advance the 580A to the next section. Pressing the -
/CRSR switch will advance the 580A to the previous section.

5.1 Access Level

The screen will display:

ACCESS LEVEL 3
"RESET'TO CHG

By pressing the RESET switch die 580A will display:

KEY 00003
"RESET" WHEN DONE

Please note that in both screens the 3 indicates the current access level and may not
necessarily be a three.

In order to change the access level the +/INC switch may be pressed to increment the
digit above the cursor and die -/CRSR switch may be pressed to move die cursor. The
desired access level should be entered in die right most digit Note that only access
levels between zero and diree are legal. The remaining four digits are die access code.
The access code will be 0000 when die instrument is shipped. The access code should
then be entered. Once diis is done press die RESET switch. The 580A will then return to
die previous screen.

If die access code entered was not die proper access code, or if die access level was not a
legal access level dien die access level will not be changed.

The last and most important point regarding die access level is how to change die access
code. The access code is die four rightmost digits of die instrument number. The
instrument number is only viewable (and therefore only changeable) while in access level
three.
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5.2 User Identification Number

The screen will display:

I.D.#014563977
"RESET1 TO CHG

By pressing the RESET switch the 580A will display:

I.D.#014563977
"RESET1 WHEN DONE

The user identification number may be changed by pressing the +/INC switch to
increment the digit above the cursor and the -/CRSR switch to move the cursor. The user
identification number is a nine digit number (just right for fitting a social security
number). Once the user identification number has been entered press the RESET switch
and the 580A will return to the previous screen.

5.3 Instrument Number

The screen will display:

INSTR #000000
"RESET1 TO CHG

By pressing the RESET switch the 580A will display:

INSTR #000000
"RESET WHEN DONE

The instrument number may be changed by pressing the +/INC switch to increment the
digit above the cursor and the -/CRSR switch to move the cursor. ONce the instrument
number has been entered the RESET switch should be pressed. The 5 80A will then
display the previous screen.

When the instrument number is changed it is very important that the last four digits be
remembered. These digits are the access code and therefore will need to be known in
order to change the access level
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6.0 CLOCK MODE

The Clock mode is entered from the Main menu by pressing the SPKR switch. The
screen will display the date and time on the top line. The bottom line will display:

"RESET1 TO CHG

By pressing the RESET switch the 580A will display:

"RESET* WHEN DONE

The date and time may be changed by pressing the +/INC switch to increment the
number (or in the case of the month the months abbreviation) above the cursor. The -
/CRSR switch will move the cursor. Once the proper month has been entered the RESET
switch should be pressed. The 580A will return to the previous screen.

The date and time will be maintained even when the instrument is turned off! It is
however advisable that the date and time periodically be checked to ensure that it is
correct.

7.0 COMMUNICATION MODE

The Communication mode is entered from the main menu by pressing the RESET switch.
The Communications mode has four sections.

1. Communicate with printer or computer
2. Display logged data
3. Reset logged data
4. Set communication parameters

Pressing the -/CRSR switch will advance the 580A to the next section.

7.1 Communicate with Printer or Computer

The 580A is capable of communicating with a computer or outputing logged data to a
printer. The 580A will display:

COMMUNICATE?
"+" - YES
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if the computer format is selected or it will display:

OUTPUT TO PRINTER

if the printer format is selected. In either case pressing the +/INC switch will cause the
580A to try to establish communication. Pressing the -/CRSR switch instead will cause
the 580A to advance to the next section.

7.2 Display Logged Data

If at least one data point has been logged the 580A will display:

DISP. LOG DATA?

By pressing the +/INC switch the 580A will display the first data point The date and
time which the data point was logged will be displayed on the top line, the bottom line
will alternate between the location code and the PPM. Pressing the +/INC switch will
advance to the next logged data point this will continue until there are no more data
points at which time the S80A will display:

NO DATA STORED

The MODE/STORE switch may be pressed to return to the Run mode.

7.3 Reset Logged Data

The logged data can be erased so that more data points may be logged, the screen will
display:

RESET LOG DATA?
'V»YES

Pressing the +/INC switch will erase all of the logged data points. The 580A will then
advance to the next section.

7.4 Communications Parameters

The 580A can be configured to communicate with a printer or a computer. The baud rate
may also be set for 9600, 4800, 2400, 1200, 900, 600, 300, or 150 baud. The 580A will
display the current communication format (computer or printer) on the top line and the
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current baud rate on the bottom line. Pressing the RESET switch will cause the 580A to
display:

COMPUTER FORMAT

Pressing the +/INC switch will select the computer format and the 580A will advance to
the baud rate screen (see below). Pressing the -/CRSR switch will cause the 580A to
display:

PRINTER FORMAT

Pressing the +/INC switch will select the printer format and the S80A will advance to the
baud rate screen (see below). Pressing the -/CRSR switch will cause the 580A to display
the previous screen.

The baud rate screen will display the currently selected baud rate on the top line. The
bottom line will display:

+ = USE-»NO

Pressing the +/NC switch will cause the displayed baud rate to be selected and the 580A
to show the selected format on the top line and the baud rate on the bottom line. Pressing
the -/CRSR switch instead will cause the next lowest baud rate to be displayed.

CALIBRATION

1. GENERAL

The Model 580a Organic Vapor Meter is indeed a quantitative instrument and can
certainly be used as such. It makes use of the Photoionization Detection System using a
lamp with an ionization energy of lO.OeV which is standard in the Model 580A. Almost
all organic materials will be ionized at this energy level. There are some organic
materials, such as a few of the freons, methane, ethane and propane that are not ionized
and thus will not be detected. The ionization potentials for the various organic materials
will simply tell whether the material will be detected by the Photoionization Detector. It
does not give any clue as to the sensitivity of that detector for that particular material.
Certainly, different organic vapors will have different sensitivities. It is important to
understand that the MODEL 580A does indeed sense most organic vapors and that its
response to these different organic vapors will indeed be different
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In this section of die manual, die aspects of calibrating the Model 580A for various
vapors will be discussed. In die following section discussing applications, various ways
of using die features of die Model 580A will be explained along with die various
methods for calibration of die 580A. There will also be applications of die Model 580A
in specific instances where die organic vapors or die mixtures of organic vapors are
completely unknown. The 580A can be an extremely useful tool even in areas such as
those.

Factory Calibration of die Model 580A

To complete testing and operation in die checkout area, each Model S80A has been
calibrated and linearity checked at die factory. The particular gas chosen for this
calibration is isobutylene. The Model 580A has good response for isobutylene.
Isobutylene standards prepared in air are relatively stable with time, undergoing no
serious adsorption or reaction problems.

Methods of Generating Concentrations of Various Materials in Air

This section is not intended to be exhaustive as far as die preparation of gas and vapor
standards in air are concerned. Only diose mediods diat have been found most practical
for die calibration of die S80A are discussed here. There are basically two types of
standards. Static standards in which a known volume of die gas or vapor is mixed with a
known volume of air and die concentration of die gas or vapor in air calculated from
knowning diese volumes. The second method used is what is called a dynamic standard.
Dynamic standard preparation involves mixing gases or vapors with air under a flowing
condition whereby die flow rate of bodi gases are known prior to dieir mixing. The
concentration dien is calculated from flow rates.

Certainly commercially available standard cylinders of gaseous materials in air offer die
most convenient mediod of calibration. However, diese are static standards. Standards
prepared in diis fashion in air for vapors of various organic liquids often show
concentration reduction widi time due to adsorption problems. In general, gases when
mixed widi air will maintain dieir concentrations widi time since adsorption is generally
not a problem. However, some gases are sufficiendy reactive diat chemical reaction of
die gas will cause a reduction of it in air. These precautions must be observed when
using commercially prepared standards for calibration of die Model 580A. It is for this
reason diat isobutylene in air was chosen as a reference standard for factory calibration.
Static standards can be prepared in a laboratory and in general are reasonable ways of
calibrating die Model S80A. However, it is important diat diese standards be used
shortly after dieir preparation to reduce die significance of any adsorption problems.
Static standards prepared for calibration of die Model 580A are best prepared in
collapsible plastic bags. This as opposed to a fixed volume container. The sampling rate
of die 580A, which is 500 ml/min, requires an appreciable amount of sample. Even one
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minute's sampling out of a fixed container will remove 500 mg/min from it This should
not significandy reduce the pressure inside the container. Thus, the collapsible bag
provides the best means as opposed to a fixed volume. A 5 gallon polyethylene bag is a
convenient size to use of the preparation of static standard.

A tube is inserted into the opened end of the bag and the bag opening then sealed around
the tube. The tube should have a cutoff valve or some means of closing the volume of
the bag. The volume of air introduced into the bag must be measured. This is most
conveniendy measured by a wet test meter. However, a source of air flowing through a
flow meter can be used if the flow can be held constant, then time is a measure of the
volume of the air placed into the bag. All air is expelled from the bag by completely
collapsing it prior to connection to the source of air. It can then be connected to a wet
test meter or flow meter via a short length of rubber tubing hooked to the plastic cube of
the bag. The air flow is started into the bag at a rate of approximately 5 1/min. A total of
10 liters is a convenient volume for a 5 gallon bag. This would mean approximately 2
minutes for filling die bag.

For gaseous samples, the trace organic will be added via a glass hypodermic syringe.
The 1 cc Tuberculin syringe is a convenient size. For an isobutylene standard, the 1 cc
syringe is flushed with pure isobutylene and then filled to the 1 cc mark. While the air is
flowing into die plastic bag, the short piece of rubber tubing is pierced by the needle from
die 1 cc syringe and the plunger slowly depressed such that the 1 cc of isobutylene is
added to the air flowing into the plastic bag. When 10 liters of air have been added to the
plastic bag, the flow is immediately stopped and the valve on the tube or the closing
clamp is applied to contain the air and isobutylene within the plastic bag. It is best at this
stage of the procedure not to rely solely on die diffusion of isobutylene to form a uniform
mixture inside the plastic bag. Slight kneeding of the plastic bag will hasten die mixing
of the isobutylene in air. The plastic tube from the bag is then connected to the probe on
the Model 580A via a short length of rubber tubing and the valve on the plastic tube
immediately opened. The Model 580A withdraws a sample from the bag at the sampling
rate of 500 ml/min. Thus, 10 liters of sample in the bag will provide approximately 20
minutes. Certainly the calibration of die 580A can be accomplished in a shorter period of
time. The concentration of isobutylene in ppm by volume will be equal to the sample
size, which was 1 cc, divided by the volume of the bag in liters, which would be 10 liters,
times 1000. In this particular instance, the concentration would be:

Ice Isobutylene x 1000
Cone (ppm by Vol)- 10 L Ah- = 100 ppm

For organic materials, which are normally liquids at room temperature, the procedure is
essentially the same except that an extremely small liquid sample is injected into the
flowing air stream rather than the gas sample. This technique works well only for
relatively volatile organic materials. The flowing air stream must vaporize all of the
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material or the calculation will be off. If the material is not rapidly volatile in that
flowing air stream, the liquid should be injected through the surface of the plastic bag.
Immediately after withdrawing the needle, the hole in the plastic bag should be covered
with a piece of plastic tape.

Again significant kneeding of the bag will hasten the evaporation of the sample and
mixing of the vapor into the air to provide homogeneous samples. The introduction of
this sample into the 580A is the same as before. The calculation of the concentration of
the vapor in air is a two-step procedure whereby the small volume of liquid injected into
the air stream or into the plastic bag is converted to a volume of vapor. This volume of
vapor is then used in the same manner as the volume of gas in the case of isobutylene.
the following equations apply:

Liquid Volume (ul) x Liquid Density x 24.45
Volume Vapor (cc) = Molecular Weight

The above equation give the vapor volume at atmospheric pressure (760 torr) and 25 C
(77 F).

Then: Vapor Volume (cc)xlOOO
Concentration (ppm by Volume) = Air Volume (liters)

The following is a sample calculation for benzene.

Liquid Volume = 2 ul

Benzene Density = 0.879 g/cc

Molecular Weight Benzene = 78.1

Air Volume = 10 liters

2x0.879x24.45 • 0.55 cc Benzene Vapor

Vapor Volume = 78.1

3.55 x 1000
Cone = 10 = 55ppm (vol)

The syringe used for the measurement of liquids in this particular instance is a small
volume-type such as those manufactured by the Hamilton Company. A convenient size
syringe is the 10 microliter volume.
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Dymanic standards can be prepared of both gases and vapors by using the techniques of
either permeation tubes for gases or diffusion tubes for vapors. These permeation or
diffusion devices supply a very small flow of either the gas or vapor. This is mixed with
a known flow rate of air providing a flowing stream that has a known amount of either
gas or vapor in the air stream. These are probably the most reliable and accurate
standards available for low level concentration of gases and vapors in air. However, the
techniques require some additional instrumentation in order to implement the use of these
devices.
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STANDARD OPERATING PROCEDURE

FOR

CG/02/H2S/METER
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COMBUSTIBLE GAS/OXYGEN MONTrOR/H2S METER

Introduction

The CG/O2/H2S monitor is a continuous duty oxygen monitor, combustible gas and
hydrogen sulfidc monitor combined in a compact, rugged, easily operated and maintained
instrument It has a 3 1/2 digit liquid crystal display (LCD), an audio indicator (alarm
buzzer), solid state circuitry and rechargeable nickel cadmium batter pack in a stainless
steel case.

Theory

Combustible gas detection is accomplished by means of a catalytic diffusion type sensor
that consists of two wound platinum wire elements covered with porous refractory. One
element is active, the other is a reference. The combustible gas concentration as a
percent of the LED is shown by the display when the push-button switch in the right side
of the case is pressed. An integral audible alarm is provided which will sound if the
concentrations of combustible gases exceeds a set point The alarm operates
independently of the display.

Oxygen monitoring is accomplished by means of micro fuel cell that provides a current
proportional to the concentration of oxygen in the air. The interaction of electrodes and
electrolytes within the fuel cell depends on the presence of oxygen. The LCD constantly
displays the concentration of oxygen as a percent of the total atmospheric volume. The
alarm sounds if the concentration of oxygen falls below a preset level (19.5%).

Operation

To turn on die instrument, unscrew the knurled collar on the carrying strap mounting
post The calibration cover may not be pulled away from the instrument case top. A pin
on the calibration cover disengages from die on/off switch inside the case, and the
instrument turns on.

Initially, the display will indicate a very high number. For example, 88.0% oxygen. This
is due to the fact that the oxygen sensor puts our extraordinarily high signal when it is
first turned on. A new oxygen cell may require as long as 15 minutes before it stabilized
in the 21% range.

With the knurled collar unscrewed, the calibration cover may be spun aside to allow
access to the adjustment potentiometers inside the instrument The combustibles zero
adjustment is on the left near the strap mounting post The combustibles span adjustment
and the oxygen adjustment are accessed through a common hole on the right
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After calibrating the instrument spin the calibration cover so that its pin is in the access
hole for the span and oxygen adjustment. Tighten down the knurled collar. The
instrument is now ready for use. The readout will continually display the percentage of
oxygen present Combustible gases are also constantly monitored. The display may be
converted from oxygen to combustibles by depressing the recessed switch to the right of
the readout on the side of the cover.

Calibration

Oxygen Detector

Loosen the knurled collar on the strap mounting post and swing aside the potentiometer
access cover. Allow 15 minutes for the oxygen detector to equilibrate before calibration.

In clean air, adjust the oxygen calibration potentiometer (through the hole labeled "o")
slowly turn clockwise so that the oxygen or at the percentage set by the user. Final
calibration of the oxygen readout should only be done in free air if the user is sure that
the air contains the normal 20.9% oxygen. The readout should then be adjusted to 20.9.
If there is any doubt of the oxygen content of the air, calibration gas of a known
percentage of oxygen in nitrogen should be used.

Combustibles Detector

Before calibrating the combustibles detector, switch on the instrument and allow the
sensor to warm up for 15 minutes. In clean air, switch the instrument display to
combustibles. Adjust the zero potentiometer (through the hole labeled "z") to obtain a
readout 000.

Use the calibration cup to apply combustible gas of a known concentration to the
instrument The rate of gas flow should be 0.5 (±0.5) liters per minute. Switch the
instrument display to combustibles. Use the span potentiometer (through the hole labeled
"s") to set the readout to the percent LEL corresponding to the know gas concentration.
Variations in the flow rate will cause inaccurate calibration of the instrument

Remove the test gas and wait for approximately one minute for the gas to completely
disperse. Check that tile instrument readout returns to 000. Place the potentiometer
access cover in its operating position and tighten the knurled collar.

If the instrument cannot be calibrated, the span potentiometer may be at such a low
setting that the instrument cannot respond properly. Turn the span potentiometer
approximately 15 turns counter-clockwise, and then repeat the calibration procedure
described above. Note that the calibration procedure calls for the adjustment of the zero
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potentiometer first The span potentiometer should not be readjusted until the zero
potentiometer is properly set
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Standard Operating Procedure for
Field Determination of pH

Ground Water, Surface Water and Leachate Analysis

1.0 Method Summary

1.1 This is a determination of the activity of the hydrogen ions by
potentiometric measurement.

2.0 Interferences

2.1 Temperature is an important factor. The temperature compensator
attached to the instrument automatically corrects the pH value displayed
by the meter.

3.0 Instrumentation

Beckman pH meter
pH probe
Automatic Temperature Compensator (ATC)

4.0 Materials and Reagents

Sample cups
Prepared pH 4 and 10 standards for calibration

5.0 Calibration

During initial setup and calibration, two standards are run.

Standardizing the Instrument

5.1 Depress the CLEAR key to clear die instrument.

5.2 Rinse the electrode with distilled water and immerse in pH 4 buffer.
Depress the STANDARD key. When the input from the electrode is
stable, the instrument will automatically standardize on the pH value of
4.00 pH buffer. The STD1 symbol and the approximate value of the pH
4.00 buffer will appear in the DISPLAY.
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5.3 Rinse the electrode with distilled water and immerse in pH 10 buffer.
Depress the STANDARD key again. When the instrument stabilizes, the
DISPLAY will include STD1, STD2, temperature, and the approximate
value of the pH buffer 10.

5.4 The instrument is now ready to make a pH measurement. Rinse the
electrode with distilled water and immerse in the sample.

5.5 Depress the pH key. Wait until the AUTO symbol flashes and then locks.
The DISPLAY will indicate the measured temperature and pH.

5.6 This sequence can be repeated for additional pH measurements. Depress
the pH key, wait for AUTO READ to lock, and note the pH value.

5.7 A 40.05 pH acceptance limit should be used in determining calibration
acceptability. If unacceptable, recalibrate as described in 5.1.

6.0 Procedure

6.1 Prepare and analyze samples without delay.

6.2 Place about 50 mis of sample into a plastic cup and stir with the pH probe.

6.3 Allow die pH reading to stabilize. Collect three pH readings from each
sample within ±.05 units. Record the pH values on the well or surface
water sampling record form. Rinse the probe with distilled water and
verify calibration by submersing in a prepared pH standard as described in
5.7.

6.4 Proceed to the next sample or location; verify calibration before each
measurement

7.0 Quality Control

7.1 Document all calibrations and verification readings, including time and
meter readings.

7.2 Run duplicate measurements on each batch or every 10th sample.
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STANDARD OPERATING PROCEDURE

FOR

CYANIDE MONOTOX
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STANDARD OPERATING PROCEDURE

FOR

BECKMAN pH/ METER
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APPENDIX F

DETAILED INSTRUCTIONS FOR COMPLETING
CLP PAPERWORK AND SHIFTING PROTOCOL

04003.0VekUnrin>edu „ ^ _...,- . >-;«fc



I. General Superfund Paperwork Requirements

A. Paperwork Requirements for Samples Sent to CLP Labs
B. Paperwork Requirements for Samples Sent to the CRL

EL Other Sample Documentation Requirements

A. Chain of Custody Seals
B. Sample Container Tags

m. Paperwork Supplies

IV. Sample Bottle Ordering

V. Specific Instructions for Completing Paperwork

A. Chain of Custody Form
B. Organic and Inorganic Traffic Reports
C. SAS Packing List
D. Central Regional Laboratory Analysis Request Form
E. Central Regional Laboratory Sample Data Report
F. Sample Tag
G. Sample Matrix Log
H. Packaging and Shipping Procedures

Figures

1. Chain-of-Custody Form
2. Organic Traffic Report
3. Organic Traffic Report
4. Inorganic Traffic Report
5. Inorganic Traffic Report
6. SAS Packing List
7. Central Regional Laboratory Analysis Request Form
8. Central Regional Laboratory Sample Data Report
9. Sample Tag
10. Sample Matrix Log
11. Cooler Prepared for Shipment
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GENERAL SUPERFUND PAPERWORK REQUIREMENTS

A. Paperwork for Samples Sent to CLP T a^g

Paperwork requirements include the Chain of Custody forms, Traffic Report
forms, SAS Packing Lists and CRL Sample Data Reports. All of these forms,
except for the CRL Sample Data Report are composed of 3-4 different colored
non-carbon copies. The destination of each copy is specified on the bottom of
each form, however, this needs further explaining.

1. Chain ftf Custody Form

A Chain of Custody Form must accompany each shipment of samples. The top
copy is for the laboratory that will receive die samples. The site name should not
be on this copy; the lab should not have this information. The copies must be
separated before writing the site name on the CRL copy or the pink copy, the
yellow copy should be sent to the CRL. The pink copy can be kept by the
sampling entity for their files.

2. Traffic Report Forms

Traffic Reports are used for an RAS organic and inorganic samples. The top
copy should be sent to Sample Management Office (SMO) within a day or two of
shipping samples. (The site name is on this copy). The pink copy should be sent
to the CRL with the Chain of Custody form. The bottom two copies get sent to
the lab with the samples. Notice that the site name does not copy onto these last
two forms. This is because on these two forms, there is a protective coating on
that area of the form on these copies which does not allow the information to
copy onto these when filling out the top copy.

It is important that the sampler indicate on die Traffic Reports whether die sample
shipment is complete or if there are more samples to be shipped to die label under
that Case number. This can be written in any where on die Traffic Report (Each
Traffic Report should have a statement about die status of sample shipment)
Traffic Reports should also be used when routine analyses (RAS) and special
analyses (SAS) will be performed at die same laboratory; die additional SAS
analyses can be written in.

3. CRL Sample Data Report

This is a single copy form and must be sent to the CRL with die Chain of Custody
form and die Traffic Reports. If a copy is required for the sampling entity, one
solution is to prepare carbon copies or photocopy it
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4. SAS Packing List Forms

This form is used in place of Traffic Reports for SAS analyses. The top copy
should be sent to SMO within a day or two of shipping samples. The second
copy, the yellow, should be sent to the CRL with the Chain of Custody, the
Traffic Reports (if used) and the CRL Sample Data Report The bottom two
copies get sent to the laboratory with the samples. Note on this form that there is
no protective coating on the Site Name area of the form. It is necessary, therefore
to not write the site name on the form while these two copies are attached Like
on the chain of custody form, a site code can be used if it is difficult to remember
to separate these copies before writing the site name on the top two copies.

5. Paperwork Dsliygy

Paperwork required by the contract laboratory is sent in a plastic bag taped to the
inside top of the cooler with the samples. It is required that the CRL copies of the
Traffic Reports, Chain of Custody forms, SAS Packing Lists, and CRL Sample
Data Report be received at the CRL, to the attention of the RSCC within 5 days of
sample shipment All paperwork for sampling at a site for the week should be
submitted paperclipped together.

Late paperwork reports will be sent to each sampling entity and a copy will be
kept on file at the CRL. Late paperwork can delay data review and will affect
contractor fee award recommendations. It is the prime contact's responsibility to
make sure that all paperwork is filled out accurately and submitted within the
time frame mentioned above. The RSCC will arrange training sessions on filling
out paperwork for samples if the need arises.

Immediately upon shipment of samples, samplers must call SMO with the
following information: Case or SAS number, name of laboratory, date of
shipment of samples, airbill (shipment) numbers, carrier, number and matrix of
samples, continuations, etc.

SMO must be notified by 3:00 PM, EST, on Friday for samples intended for
Saturday delivery/pickup.

B. Paperwork Requirements for Samples Sent to the CRL

1. Chain of Custody Form

This form is required for all Superfund samples. See previous guidance
on filling this out
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2. EPA Central Regional Laboratory (CRL) Analysis Request Form

This is analogous to the CLP traffic report forms. This is a single copy
form and must be sent with the Chain of Custody in the cooler with the
samples.

IL OTHER SAMPLE DOCUMENTATION REQUIREMENTS

A. Chain of fhi«m{iy J

All coolers containing Superfund samples must be sealed with EPA Chain of
Custody Seals.

B. Sample Container Tap

Each sample container requires a sample tag.

m. PAPERWORK SUPPLIES

Paperwork for Superfund sampling can be obtained from die RSCC for Region V.
Prime contacts can request paperwork by submitting a written request to the
attention of the RSCC or this can be done by phone. Prime contacts are
responsible for requesting paperwork in a timely manner as their supplies run low.

IV. SAMPLE BOTTLE ORDERING

Sample bottles for Superfund sites are available through the Region V Bottle
Coordinator. Superfund bottles will be ordered at least one month in advance of
the sampling event Emergency orders will be filled on an as needed basis.

04003.01/eid/eu/appedxa



V. SITE INSTRUCTIONS FOR COMPLETING PAPERWORK

A. CHAIN OF CUSTODY FORM

Illustrated in Figure 1

1. Enter first six digits of the CRL log number.

2. Enter site code (d& Dfit enter the site name).

3. Obtain full signature of sample team leader.

4. Enter last three digits of the CRL log number.
(eg.SOLDO2,ROl,etc.).

5. List sampling dates for all samples.

6. List sampling times for all samples.

7. Indicate "grab" "composite" sample with an "X".

8. List station locations.

9. Enter number of containers per sample and container volume (e.g., 2-40
ml).

10. List analyses individually.

11. Construct column heading for traffic report number and list serial numbers
for corresponding CRL log numbers.

12. Construct column heading for "tag number" and list tag numbers for each
sample container.

13. Obtain signature of sample team leader and cany out chain of custody
procedures.

14. State carrier service and airbill number, lab service, and custody seal
numbers are written here.

15. Write in the words "CASE" #:" and enter the case number.
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Note: One Chain of Custody should be filled out per shipping container. The purpose of
using site code is to prevent the contract laboratory from obtaining the site name.
An alternative to using a site code is to separate the copies and write the site name
on the copies that get sent to the Region, leaving that field blank on the lab's
copy.

This is a three copy form:

The top copy goes to the CLP laboratory with the samples.
The second copy (pink) can be kept by the sampling entity.
The last copy (yellow) goes to the RSCC with other paperwork for the site.

If numbered COC seals are not available from Region V, then the alternate COC seal (a
white seal that needs to be signed and dated upon use) should be used. In this case, a
note should be made on the COC form indicating mat these seals were used instead of die
numbered seals.
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ENVIRON. /JTAL PROTECTION AGENCY
Office of Enforcement

CHAIN OF CUSTODY RECORD

cOIONt
230 South Dea»»o«i Sttwt

PROJ. NO.

1

PROJECT NAME

SAMPLERS:

STA. NO DATE TIME STATION LOCATION

NO.

Of

CON-
TAINERS

11

15

REMARKS

12
6 8 9

Relinquished by: (Signitvn)

13

D*M /Time Received by: Relinquished by: Date/Time Received by:

Relinquished by: Date/Time Received by: Relinquished by: Date/Time Received by:

Relinquished by: Date/Time Received for Laboratory by: Date /Time

O»»lrlboltoo: Whit* — Accompany* Shipment; Pink - CoonHnMor FtoW Fll«i: Yellow — UborMoiy Flto

Remarks

14



B. INTRODUCTION AND INSTRUCTIONS FOR USE OF MULTI-
SAMPLE ORGANIC AND INORGANIC TRAFFIC REPORTS

Illustrated in Figures 2-5

1. Introduction: Samples and Sample Numbers

Contract Laboratory Program (CLP) multi-sample Traffic Reports (TRs)
can ^nciiment up to twenty samples shipped to one CLP laboratory under
one Case Number. The TRs must be used for every shipment of RAS
samples to a CLP laboratory.

The CLP's definition of "samples" is based on die RAS analytical
program: (1) organic, (2) VOA only (3) inorganic.

The CLP sample is one matrix - water or soil - and consists of all the
sample aliquots from a sample station location for analysis in one RAS
analytical program. The CLP assigns a unique Sample No. to each such
set of aliquots sent to one CLP laboratory. The unique Sample Numbers
are printed on the adhesive labels. The samplers must accurately transfer
this critical Sample Number to the TR.

Organic Sample Numbers are in the format XX123, and have six labels
per strip: four for extractables, and two for VOAs (see attachment).
CAUTION: The organic sample labels provide two options for each
Sample No. - labels for water samples and labels for soil samples. USE
ONLY ONE OF THE TWO OPTIONS. An individual sample will be
analyzed as EITHER a water or a soil, but never both. DESTROY THE
UNUSED LABELS to prevent duplication of Sample Numbers.

Inorganic Sample Numbers are in the format MXX123 and have seven
labels per strip: two for Total Metals, two for Cyanide and three extra
(see attachment). Remember that the unique Sample No. must only be
used once so DESTROY THE EXTRA LABELS.

Use only the labels provided to the Region in which you are sampling.

Letter Code
Organics. Inorganic Region

E.ME V

04003.01/eid/eu/appedxa



REMEMBER:

• TRs must be used for each Case No. with every shipment of
samples to each CLP laboratory.

• Organic samples, "VOA Only" samples, and inorganic samples are
assigned separate, unique Sample Numbers. Each consists of all
the sample aliquots from a sample station location.

• A CLP RAS sample will be analyzed as either a water or a soil
sample.

• Prevent accidental duplication of sample Numbers by destroying
unused labels.

• Use only the Sample Numbers specific to your Region.

Completing the Form - Case Documentation

Enter the Case No. and SAS No. (if applicable) at the top right of the
form. Complete the boxes in the header.

Box No. 1:

Type of Activity:

If sampling is under Superfund, circle the code which describes the
task of the sampling mission:

PA Preliminary Assessment
SI Site Investigation
ESI Expanded Site Investigation
RIFS Remedial Investigation Feasibility Study
RD Remedial Design
RA Remedial Action
ER Emergency Response (Removal)
NPLD National Priorities List Delete
O + M Operations and Maintenance

If sampling is not under the Superfund program, enter the name of
program, e.g., RCRA. Enter the site name, the city, state, and Site
Spill ID (provided by Region) in the designated spaces.
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Box No. 2:

Regional Information

Enter die Region number, the name of your sampling company,
and your name in the designated spaces.

Box No. 3:

Ship To:

Enter the name of the CLP laboratory and its full address in the
box. Enter die name of the sample custodian or CLP contact in the
box provided.

Enter the beginning and ending sampling dates in die designated
spaces.

Enter the date shipped, the carrier code (e.g., F = Federal Express,
P * Purolator, etc.) and die airbill number in the appropriate

3. Completing die Form - Sample Documentation

Carefully transcribe die CLP Sample No. from die printed sample labels
on die TR in the space provided

Complete columns A through E to describe die sample:

Column A, Sample Description:

Enter die appropriate sample description code from Box 6. NOTE:
Describe RINSATES or BLANKS as #3 "Lcachatc" in Column A.
Write die word "Rinsate" or "Blank" in Column D, the Special
Handling section, or in Column E, die Station Location section.
Note: Item #3 "Oil" and Item #7 "Waste" are for RAS PLUS SAS
projects only. Do not ship oily samples or waste without making
prior arrangements with SMO.
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IMPORTANT:

Column B, Concentration:

Organic - If sample is low or medium concentration, enter "L".
When shipping RAS plus SAS high concentration samples
(previously arranged with SMO), enter "H".

Inorganic - Enter "L" for low concentration, "M" for medium
concentration, and "IT for high concentration (under previous
RAS plus SAS arrangement). REMINDER: Ship medium and
high concentration organic and inorganic samples in metals can.

Column C: RAS Analysis:

Check the analytical fractions requested on each sample.

Column D: Special Handling:

Use this space to specify any special handling requirements.
Rinsate or blank samples should be identified as such in this space.
When shipping RAS plus SAS samples you may code SAS
parameters in the blank space (e.g., A = sulfate, B - Cl, etc.) and
enter the codes in this column.

Column E: Station Location:

Enter die station location in the space provided.

SAMPLERS MUST INDICATE ON EACH TRAFFIC REPORT
WHETHER SAMPLING IS COMPLETE OR IF MORE
SAMPLES WILL BE SHIPPED UNDER THE SAME CASE
NUMBER. THIS STATEMENT CAN BE WRITTEN
ANYWHERE ON THE FORM THAT DOES NOT OBSCURE
NECESSARY INFORMATION, AND CAN BE AS SIMPLE A
STATEMENT AS "SHIPMENT COMPLETE FOR THIS CASE"
OR "MORE SAMPLES TO COME UNDER THIS CASE."
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C SAS PACKING LIST

Illustrated in Figure 6

1. Insert assigned SAS case number.

2. Insert EPA region number (e.g., V).

3. Insert sample team leader's »«"***

4. Insert sample team leader's office telephone number (do not use field
office telephone number).

5. Insert data sample was taken.

6. Indicate date of shipment.

7. Insert site code (do not enter the site name).

8. Insert laboratory name and address.

9. Indicate name of laboratory contact

tO. List SAS sample numbers, which should include SAS number (ie. if the
SAS # is 2743, the samples would be numbered as 2743E-01, 2743E-02,
etc.)

11. Specify sample matrix, concentration, tag number, and analysis to be
performed (e.g., low concentration soil sample for PCB analysis, tag
number 5-48246).

12. Leave BLANK - laboratory use only.

NOTE: The site name should not be written on this form while all copies are attached.
The CLP laboratory should not have this information. Therefore, either
use a site code or separate the copies and only write the site name on the
Regional and SMO copies of this form. SAS packing lists are currently
being used for nigh concentration/high hazard analyses and other non-
routine work.
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THIS IS A FOUR COPY FORM:

The top copy should be sent to SMO within a day or two of shipping samples.

The second (yellow) copy should be sent with other paperwork for a site to the
Region V RSCC.

The bottom two copies (pink and gold) get sent to the CLP laboratories with the
samples.
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U.S. ENVIRONMENTAL PROTECTION AGENCY
CLP Sample Management Office
P.O. Box 818 - Alexandria, Virginia 22313
Phone: 703/357-2*90 - FTS/557-2*90

SAS Number

SPECIAL ANALYTICAL SERVICE
PACKING LIST

Sampling Office:
2
Sampling Contact:
3

(name)

4
(phone)

Sampling Datebh
5
Date Shipped:
6

Site Name/Code:
7

Ship To: 8

Ann: 9

For Lab Use Only

Date Samples Rec'd:

Received By:

2.
3. .
*. t

5..
6.
7.
8.
9.

10.
11.
12.
13.

!*•
15.
16.
17.

18.
19.
20.

Sample
Numbers

10

Sample Description
Le., Analysis, Matrix, Concentration
_________11__________

Sample Condition on
Receipt at Lab

12

FIGURE 6

For Lab Use only
White - SMO Copy, Yellow - Region Copy, Pink - Lab Copy for return to SMO, Gold - Lab Copy



D. ENVIRONMENTAL PROTECTION AGENCY - Central Regional
Laboratory Analysis Request Form.

Illustrated in Figure 7

1. Insert sampler name, i.e., WW, Fit, E&E, EDI, or RPM name.

2. Insert sampling date.

3. Insert DU number (Y905 or Y306).

4. Insert site name.

5. Insert priority code (if any).*

6. Insert CRL log numbers.

7. Insert sample tag number.

8. Indicate analyses required by placing an "X" in the appropriate column for
each sample.

* Normal turnaround time for the CRL is 21 days from receipt of samples.
Priority 1 analysis requires a 5 day turnaround, and must be requested via
a memo from the WMD Director to the ESD Director in advance of
sampling. Requests for shorter than the 21 day (and greater than 5 days)
turnaround must be addressed to the CRL Director.
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E. CENTRAL REGIONAL LABORATORY SAMPLE DATA REPORT
(CRL-SDR)

Illustrated in Figure 8

1. Insert assigned laboratory case number.

2. Insert site name.

3. Insert laboratory names, indicating which lab will receive the organic
samples and which lab will receive the inorganic samples.

4. Insert date of shipment

5. Insert DU code (either Y905 for site inspection or remedial, or Y306 for
enforcement, including PRP sites).

6. Insert name of RPM (the RPM will know what the site DU code is).

7. Insert page number and total number of pages.

8. Insert CRL log number, which consists of the fiscal year, EPA assigned
contractor code, sample code, round of sampling, sample type designation
and sample number.

eg. SSZH2QSQ1
a b c d e

a » FY (Fiscal Year)
b - Contractor Code (Always ZH for WW Engineering and Science)
c = Number to be assigned by WW Engineering and Science Paperwork

Coordinator
d = sample type, could be:

S = sample
D = duplicate
R - field blank

e - sample number ie. 01,02,03, etc.

88ZH20S01 - would be a sample.
88ZH20D01 - would be a field duplicate of-sample 88ZH20S01.
88ZH20RO1 - would be a field blank.

9. Insert organic traffic report number.
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10. Insert inorganic traffic report number.

11. Indicate die analyses required (eg. acid-base neutral compounds, volatile
organics analysis, etc.) for each sample in the appropriate section (for
waters or sou's) with an "X".

NOTE: All samples should have a unique number. If the same location will be
sampled at a site two weeks in a row, the sample number for the first week
could be 88ZH20S01, and for the second week 88ZH21SO1. If a sample
is collected for filtered and unfiltered metals analyses, a separate ITR
should be filled out for each bottle (the filtered and unfiltered). Each one
of these samples would then be assigned a unique CRL log number. In
order to distinguish between the filtered and unfiltered samples, they can
be listed in pairson the CRL-SDR and a column heading indicating
"filtered metals" could be created and checked off for the filtered sample.

THIS IS A SINOf-P; (70pY FORM:

This form must be filled out for all Superfund samples which will go to contract
labs and must be sent to the Region V RSCC with the other paperwork required
for a site.
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CENTRAL REGIONAL LABORATOrtY SAMPLE DATA
ORGANICS/INORGANICS

THIS FORM IS TO BE USED FOR SAMPLES SENT TO CONTRACT ONLY
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F. SAMPLE TAG

Illustrated in Figure 9

1. Enter the first six digits of the CRL log number.

2. Enter the last three digits of the CRL log number.

3. Enter ̂ yff of sampling.

4. Enter time of sampling (military time only).

5. Specify "grab" or "composite" sample with an "X".

6. Insert station location.

7. Obtain signature of sample team leader.

8. Indicate presence of preservative with an "X".

9. Specify analytes for analysis with an "X".

lOa. Indicate traffic report type and serial number (ITR or OTR and #).

lOb. Indicate case number.

1 1 . Leave BLANK (for laboratory use only).

12. Enter any desired analyses not listed on menu provided (e.g., PCB's,
ia, sulfide, etc.) and mark box with an "X".

NOTE: Each sample container should have a separate tag. All field blanks should
be designated as such on the sample tags, either in the "Remarks" field
(lOa and lOb) or in the "Station Location" field (6).
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G. SAMPLE MATRIX LOG

To assist the team in tracking the samples throughout the investigation, a Sample
Matrix Log will be completed as an on-going task during sample collection. The
Sample Matrix Log serves two purposes. First, it provides the individual
completing the paperwork with an invaluable tool for keeping track of crucial
shipping information (dates, airbill numbers, etc). Second, it provides WW
Engmeering and Science with the information necessary for record keeping
within a computer data base. This chart must be maintained daily. The Sample
Matrix Log is illustrated in Figure 10.

Completion Requirements

1. Enter the case number.

2. Enter the WW Engineering and Science sample location number.

3. Enter the CRL sample identification number

4. Specify die Sample Matrix using the 2-digit codes listed below:

SB - Soil Boring
SW - Surface Water
PW - Private Well
GW - Groundwater (Monitoring Well)
SD - Sediment
LW - Leachate Waste-U*£&r"
WA - Lagoon Waste

5. Indicate the concentration (low, medium, or high) by using the letters L,
M,orH.

6. Enter the date the sample was taken: month, day, year (no hyphen or
slash, e.g.: 051284).

7. Enter the shipping date.

8. Indicate the laboratory to be doing the analysis.

9. Enter the airbill number of the shipment.

10. Enter the custody seal number.
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11. Enter the chain-of-custody report number.

12. Enter the organic traffic report number.

13. Enter the inorganic traffic report number.

14. List sample tag numbers corresponding to sample containers shipped
under the traffic report number listed in either box 12 or 13.

15. Enter me quality control lot number from me container.

16. Indicate the site name and site number.

17. Enter date matrix completed.

18. Indicate originator.

19. Indicate reviewer.

20. Indicate page number of matrix log.

NOTE: Data recorded on this form must be suitable for computer entry. If
portions of samples are to be sent to more than one laboratory for analysis,
allow an entire line for each laboratory to accommodate for the additional
traffic report, chain-of-custody, and airbill numbers.
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H. PACKING AND SHIPPING PROCEDURES

Sample packaging and shipping procedures are based on U.S. EPA specifications
as well as Department of Transportation (DOT) regulations (49 CFR). The
procedures vary according to sample concentration and matrix and are designed
to provide optimum protection of samples and the public.

All samples are to be shipped via Federal Express, Purolator, or Emery as
specified in the U.S. EPA Region V Sample Handling Protocol for Hazardous
Waste. Shipping containers must be insulated, durable, and watertight Bagged
samples are to be cushioned within the shipping container with vermiculite
packing materials (Zonolite) or with bubble pack.

Following shipment, airbill numbers (and other miscellaneous information given
in step 18) must be called in to the Sample Management Office.

Step-by-step packing instructions are provided below.

LOW-CONCENTRATION SAMPLES

1. Prepare coolers) for shipment

• Tape drain(s) shut

Affix "This Side Up" labels on all four sides and "Fragile" labels
on at least two sides of each cooler.

• Place mailing label with laboratory address on top of coolers).

• Fill bottom of coolers) with about three inches of vermiculite.

• Place appropriate traffic reports, SAS packing lists, or CRL data
sheets and chain-of-custody records with corresponding custody
seals on top of each cooler.

2. Arrange decontaminated sample containers in groups by sample number.

3. Mark volume levels on bottles with a grease pencil.

4. Secure appropriate sample tags around caps/lids of containers with string
or wire.

5. Secure container caps/lids with strapping tape.
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6. Arrange containers in front of assigned coolers.

7. Affix appropriate adhesive labels from assigned traffic report to each
container. Protect with clear label protection tape.

8. Seal each container within a separate plastic bag.

9. Arrange containers in coolers so that they do not touch.

10. If ice is required to preserve the samples, cubes should be repackaged in
double rip-loc bags and placed on and around the containers (especially
on VOA vials).

11. Fill remaining space with venmculite.

12. Sign chain-of-custody form (or obtain signature) and indicate the time and
date it was relinquished to Federal Express, purolator, or emery.

13. Separate copies of forms. Seal proper copies within a large zip-loc bag
nnrt tape to inside lid of cooler. Place remaining copies in a large mailing
envelope to be sent to the sample documentation coordinatory with a
completed transmittal notice.

14. dose lid and latch.

15. Carefully peel custody seals from backings and place intact over lid
openings (right front and left back). Cover seals with clean protection
tape.

16. Tape cooler shut on both ends, making several complete revolutions with
strapping tape (do not cover custody seals). See Figure 11 for an
illustration of a cooler ready for shipment

17. Relinquish to Federal Express. Place airbill receipt inside the mailing
envelope and send to the sample documentation coordinator along with
the other documentation (Item 13).

18. Telephone the Sample Management Office
Ms. Leslie Braun (subject to change)
Phone Number (703)557-2490
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Provide the following information:

- Your name
- Project name
- Case number
- Number of samples sent to each lab for analysis
- Airbill numbers/shipper
- Chain-of-Custody numbers
- Traffic report numbers

This must be done immediately following sample shipment

MEDIUM AND HIGH CONCENTRATION SAMPLES

Medium and high hazard samples shipped by WW Engineering and Science
personnel are subject to DOT regulations. Therefore, to comply with the
prescribed regulations, all WW personnel must abide by the following
procedures.

1. Collect samples in appropriate containers as required by CLP. No
preservatives are used for medium and high hazard samples. Assure that
the sample container cap is sealed with tape.

2. Attach sample tags to each sample as required by CLP.

3. Place each sample in a ziplock bag in such a way that the sample tag can
be read.

4. Place each sealed bag inside a metal can and fill the can with absorbent
cushioning material such as vermiculite. The can must be sealed,
preferably using clips but tape may also be used.

5. Place the name and address of the laboratory on the can.

6. Place a "Flammable Liquid, n.o.s." or "Flammable Solid, n.o.s." label on
the can.

7. Place a "Cargo Aircraft Only" label on the can.

8. Place each can in the shipping container (cooler) which has been lined
with two (2) inches of absorbent material.
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9. Surround each can with absorbent material to prevent sample breakage
and provide stability during transport, fill the shipping container with
absorbent material.

10. Place all shipping paperwork to accompany the samples, excluding the
airbill and Shipper's Declaration of Dangerous Goods in a manila
envelope. Secure the envelope in a ziploc bag and place the bag on top of
the absorbent material in the cooler.

11. dose and seal the cooler using strapping tape. Place the two custody
seals documented on the Custody Record over the shipping container
closure.

12. Mark the shipping container with the following information and labels:

Shipper's address

Laboratory address (consignee)

"This End Up," with arrow, label (for liquids only)

"Cargo Only Aircraft" label

"Inside Containers Comply with Prescribed Regulations" label

"Flammable Liquid" or "Flammable Solid" label

Additional hand-written label indicating DOT proper shipping
name, e.g., "Flammable Liquid, n.o.s. UN1993, " or "Flammable
Solid, n.o.s. UN1325"

(This is required only if the "Flammable Liquid" or "Flammable Solid"
labels do not exhibit the applicable DOT proper shipping name.)

These labels need only be placed on one face of a cooler. Packages
having a volume greater than 64 ft3 (4'x4'x4') require labeling on two
sides or ends.

13. To ship packaged samples, the samplers need only to fill out an air bill
and for medium and high hazard samples, a Declaration of Dangerous
Goods.

14. Same as step #18 for low concentration samples.
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APPENDIX G

SAMPLE CUSTODY PROCEDURES

INTRODUCTION

It is U.S. EPA and Region V policy to follow the U.S. EPA Region V sample custody or
chain-of-custody protocols as described in "NEIC Policies and Procedures." EPA-330/9-
78-001-R, revised June 1986. This custody is in three parts: sample collection,
laboratory, and final evidence files. Final evidence files, including all originals of
laboratory reports and purge files, are maintained under document control in a secure
area.

A sample or evidence file is under your custody if the documents:

• Are in your possession;

• Are in your view, after being in your possession;

• Where in your possession and you placed them in a secured location; or

• Are in a designated secure area.

FIELD SPECIFIC CUSTODY PROCEDURES

The sample packaging and shipment procedures summarized below will insure that the
samples will arrive at the laboratory with the chain-of-custody intact

Field procedures are as follows:

A. The field sampler is personally responsible for the care and custody of the
samples until they are transferred or properly dispatched. As few people
as possible should handle the samples.

B. All bottles will be tagged with sample numbers and locations. The
Sample Management Office (SMO) number and stickers will be affixed.

C. Sample tags are to be completed for each sample using waterproof ink
unless prohibited by weather conditions. For example, a logbook notation
would explain that a pencil was used to fill out the sample tag because the
ballpoint would not function in freezing weather.
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D. The contractor's site manager must review all field activities to determine
whether proper custody procedures were followed during the field work
and decide if additional samples are required. He or she should notify the
U.S. EPA Remedial Project Manager of a breach or irregularity in chain-
of-custody procedures.

Transfer of custody and shipment procedures are as follows:

A. Samples are accompanied by a properly completed chain-of-custody form.
The sample numbers and locations will be listed on the chain-of-custody
form. When transferring the possession of samples, the individuals
relinquishing and receiving will sign, date, and note the time on the
record. This record documents transfer of custody of samples from the
sampler to another person, to a mobile laboratory, to the permanent
laboratory, or to/from a secure storage area.

B. Samples will be properly packaged for shipment and dispatched to the
appropriate laboratory for analysis, with a separate signed custody record
enclosed in each sample box or cooler. Shipping containers will be locked
and secured with strapping tape and EPA custody seals for shipment to the
laboratory. The preferred procedure includes use of a custody seal
attached to the front right and back left of the cooler. The custody seals
are covered with clear plastic tape. The cooler is strapped shut with
strapping tape in at least two locations.

C Whenever samples are split with a source or government agency, a
separate Sample Receipt is prepared for those samples and marked to
indicate with whom the samples are being split The person relinquishing
the samples to the facility or agency should request the representative's
signature acknowledging sample receipt If the representative is
unavailable or refuses, this is noted in the "received by" space.

D. All shipments will be accompanied by the Chain of Custody Record
identifying the contents. The original record will accompany the
shipment, and the pink and yellow copies will be retained by the sampler
for return to the sampling office.

E. If the samples are sent by common carrier, a bill of lading should be used.
Receipts of bills of lading will be retained as part of the permanent
documentation. If sent by mail, the package will be registered with return
receipt requested. Commercial carriers are not required to sign off on the
custody form as long as the custody forms are sealed inside the sample
cooler and the custody seals remain intact
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LABORATORY CUSTODY PROCEDURES

A. CONTRACT LABORATORY

The chain-of-custody procedures for Contract Laboratory Program (CLP) are
described in Appendix A. This same custody procedure applies to SAS's.

B. CENTRAL REGIONAL LABORATORY

The Central Regional Laboratory has its own regional custody scheme for
Drinking Water Specific Samples. There are four possible ways in which the
CRL may be involved in chain-of-custody sample tracking:

1. Samples are delivered to the CRL for in-house analysis.

2. Samples are delivered to the CRL. Some are sent out to a contractor and
some remain at the CRL, or the samples are sent to several contract
laboratories.

3. Samples are delivered to the CRL and the entire shipment is sent to one
contract laboratory.

4. Samples are shipped directly from the field to a contract laboratory
without ever being delivered to the CRL.

The internal CRL Custody Protocol has been revised so that it addresses all four of these
situations and also meets all National EPA custody requirements. Moreover, the revised
protocol requires only one new internal document-the Custody Logbook. This logbook
replaces the existing Shipping and Receiving Log. The new procedures are applied to the
four custody situations are as follows;

A. In-House Analysis

Samples are shipped or delivered to the CRL under chain of custody. The CRL
Sample Custodian signs the chain of Custody Record in the "Received by" space.
The Sample Custodian also signs in the "Received for Laboratory by" space. This
document is men complete. It is filed in the folder for the given data set.

The Sample Custodian then enters the following sample information into the
Custody Logbook.
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1,2,3 Self-explanatory.

4 "Matrix" refers to a brief sample description, such as "water,"
"oil," "mud," etc. Parameter is self-explanatory.

5 Self-explanatory.

6,7, 8 The Sample Custodian initials the date (month/day/year) and the
time when samples were received. Time is expressed using a 24-
hour clock, so that 1:30 P.M. is recorded as 13.30.

9 Each shelf in all custody areas should be numbered, so that the
storage location can be identified by the shelf number. This
number is entered in column 9.

When an analyst checks out a sample, columns 10 thru 13 are completed.

10 The Sample Custodian initials the correct column.

11 The analyst initials the correct column.

12,13 The Sample Custodian enters the date and time.

When a sample is transferred from one analyst to another within the CRL, both
analysts initial the back of the custody tag. They also enter the date and time.

e.g.,: AJ to DM, 9/12/82,15:30

(It is not necessary to return the sample to the person who originally checked it
out of custody.) ^

When the analyses are completed, the analyst returns the sample to the Sample
Custodian, they both fill in columns 14 thru 18.

14,15,16,17, Self-Explanatory.

18 The Sample Custodian stores the sample in a custody area. The
location is entered in column 18. This is probably not the same as
the original location listed in column 9.

When samples are discarded, columns 19 and 20 are filled in. The tags are
removed from the sample bottles and are filed in the folder for that data set
TAGS ARE NEVER DISCARDED.
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Any appropriate information, including initials, is entered in column 21.

e.g.,: "Sample was broken. 10/1/82, AJ"
"Sample was used up. 10/1/82, AJ"
"Insufficient sample. 10.1.82, AJ"

Even if a sample is destroyed, the tag must be returned to the custody folder, an
explanation should be written on the tag and in the Custody Logbook.

B. Sample Shipments With Several Destinations

Samples are shipped to the CRL under chain of custody. The CRL Sample
Custodian receives the shipment as described in Section A. The custodian opens
the sealed container, logs in all of the samples, and then repacks those samples
which will be sent to a contract laboratory. The Custodian fills out new custody
forms and includes them with the shipment as described in the Environmental
Services Division (BSD) or National Contract Laboratory Protocols.

The Sample Custodian logs all of the samples into the Custody Logbook. The
procedure is the same as described in Section A, with the following exceptions.

9 No entry here.

10 The Sample Custodian initials here.

11 The Sample Custodian enters the name of the laboratory to which
the samples were shipped.

14 thru 20 These columns are used only if the contract laboratory returns the
samples.

21 The Sample Custodian enters the shipper and the airbill number.

e.g.,: "Emery, #9011625"

C. Entire Sample Shipment Sent to One Destination

Samples are shipped to the CRL under chain of custody. The CRL Sample
Custodian receives the samples. The Custodian signs the chain of custody record
in the "Received by" space. The Custodian logs in the samples and then packs
them for shipment and includes original die chain of custody record with the
samples. The custodian does not sign the "Received for Laboratory by" space.
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The Sample Custodian logs all of the samples into the Custody Logbook as
described in Section B.

D. Samples Shipped From the Field to Contract Laboratories

When samples are shipped directly from the field to a contract laboratory, no one
at the CRL signs the chain of custody Record.

The sampling team submits a report to the CRL describing their sampling
activities. The Sample Custodian enters that information into the Custody
Logbook as follows:

1 thru 4 Self-explanatory.

5 Tag numbers may not be available in the field

6 thru 9 Not applicable.

10 The Sample Custodian enters "field".

11 The Sample Custodian enters the name of the laboratory to which
the samples were sent

12,13 Shipping date and time are entered, if available.

14 thru 20 These columns are used only if the samples are sent to the CRL by
the contract laboratory.

21 Shipper, airbill number, and any other comments are entered here.

FINAL EVIDENCE FILES CUSTODY PROCEDURES

The purge files from the Central Region Laboratory (CRL) and Contract Laboratory
Program (CLP) are maintained by Region V CRL Laboratory Support Team, Data
Coordinator. The purge files include the chain-of-custody sheets, sample tags and raw
data records.

The contractor maintains the Rl files along with all relevant records, reports, logs, field
notebooks, pictures, subcontractor reports and CPMS data reviews in a secured, limited
access area and under custody of the contractor's site manager.
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LAGOON SAMPLING CONDUCTED IN 1976

(No sample location map available)



Results on Laboratory Analysis of Samples Collected
fSkinner Landfill, Union Twp., Butler County

Date of Collection: . May 11, 1976

Identification of samples (ODH lab number)
113750-Liquid in pit (black color)
113751-Liguid in pit (orange color)
113752-Barrel recovered from pit
113753-Barrel recovered from pit
113754-Barrel recovered from pit

Constituent 113750 113751 113752 113753 113754
(All results in mg/1 (ppm)) "———
Cyanide 6.76 7.5 0.36 5.4 761
Cadmium 755 180 2.0 5.6 50 . •
Chromium (total) 160 65 4.0 350 126
Lead (total) 1050 285 —— 1370 554
Mercury(total) 0.047 0.0135 0.006 0.0]. 0.075
Zinc 480 165 20.0 420 ' 325
Copper 185 129 2.1 269 1840
Phenol 27.3 24 12.8 .8.8. 11.2
U.S.EPA (Cincinnati lab)

113750 J13751
Cyanide 9.1 mg/1 7.7 mg/1

*

Qualitative determination by gas chromotography-Mass Spectrophotometry
process of the constituents in the liquid from Skinner landfill
(U.S.EPA Lab-Cincinnati)
Comment: major portion of "ooze" is composed of pesticide intermediat
Compounds: compounds from which pesticides are formulated, and are in
their own right toxic.

Trichloropropane
Dichlorobenzene
1, 3 Hexachlorobutadiene (Aldrin Component)
Naphthalene (A major Component)
Hexachlorocyclopentadiene
Methyl Napthalene (Two Isomers)
Iso-Butyl Benzolate
HexachloroNor-Bornadine (Endrin Intermediate)
Octachloro-cyclo-pentene (The major component, chlordane
intermediate)

Heptachlor-nor-borene (Major component-possibly heptachlor
intermediate) •

Kexachlorbenzene (Major Component)
Chlordene (Chlordane Derivative?)
Methyl Benzyl Phenone
Octachlor penta fulvalene
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 'N / tf?-7
CINCINNATI. OHIO «Utt '*

•ENVIRONMENTAL MONITORING AND
SUPPORT LABORATORY - CINCINNATI

June *, 1976

Mr. John E. Richards
Ohio Environmental Protactleo
Post Offica Box 1049
Columbus, Ohio 13216

Dear Mr. Richards:

As requested by telephoni
samples delivered to us by Mr
our examinations to this date

Sample Identification

176-18-11 Pit Trench

Agency

f76-19-£2 Pit Trench

on May 19, 1976, we have analyzed the
'. Ken Harsh on May 20. The results of
are:

Analytical Result
•

Total cyanide -9.1 mg/kg (wet weight)

Organic compounds found and identified:

trichloroprppane
dichlorobenzene
1,3-hexachlorobutadiene
naphthalene - a major component
hexachlorocyclopentadiene
methyl naphthalene (2 isomers)
isobutyl benzoate
hexachloronorbornadiene
octachlorocyclopentene - the major component
heptachloronorbornene - a major component
hexachlorobenzcne - a major component
chlordene - a major component
methyl beozophenone
octachloropentafulvalene

Total cyanide * 7.7 ag/kg

Organic compounds found and identified:

trlchloropropane
dichlorobenzene
1,3-hexachlorobutadiene

L



naphthalene - a major component
hcxachlorocyclopentadiene
Mthyl naphthalene (2 isomers)
isobutyl benzoate *
hexachloronorbornadiene
octachlorocyclopentene - the major component
heptachloronorbornene - - • Major component
bcxachlorobenzene . - a. major component
chlordene - a major component
•ethyl benzophenone
ectaehloropentafulvalene
benzoic acid

The samples are being held under Chain of Custody procedures for
further analyses and submission as evidence if required. •

Sincerely yours,

> Dvight 6. Ballinger
Director

, Environmentl Monitoring and Support Laboratory.- Cincinnati

cc: Dr. Edward Clod, Ohio EPA
1



TAT SAMPUNG CONDUCTED IN 1986

(No sample location map available)



River Center. III North (".anal Street. 8th Floor, Suite 855,
Chicago, II.

TECHNICAL ASSISTANCE TEAM FOR EMERGENCY RESPONSE REMOVAL AND PRF.VENTION
EPA CONTRACT 68-01-7%"

Mr. Steven J. Faryan
Deputy Project Officer . >.
Emergency Response Section \ <\ s \
Western Response Unit TAT-05J-G2-00/34
U.S. Environmental Protection Agency
llth Floor
230 South Dearborn Street
Chicago, Illinois 60604

Reference: Skinner Landfill, Butler County, Ohio.
TDDf 5-8702-07 ~~"

Dear Mr. Faryanj_
^ ?̂̂ >* -̂

On<January 28, 1986, jthe U.S. Environmental Protection Agency
(UTS-T-EPAĵ tasked the,-Technical Assistance Team (TAT) to conduct
a site assessmentof the Skinner Landfill in Union Township,
Butler County, Ohio. The enclosed site assessment outlines the
background of the site, and describes it as observed in January
1986.

As the site is on the National Priorities List and currently
being addressed by the U.S. EPA Hazardous Waste Division,
Remedial Section, no action by the Emergency Response Section is
recommended. However, based on the existing conditions at the
site, the following recommendations are presented for referral to
the Remedial Section:

° Establishing a ground water monitoring program for wells
in and around the landfill.

0 Removing and disposing of .contaminated soil near Skinner
Creek.

0 Staging drums from the northeast side of the landfill for
sampling, overpacking, and disposal.

Roy F. Weston, Inc.
SPILL PREVENTION & EMERGENCY RESPONSE DIVISION
Ic Association with ICF Technology Inc., C.C. Johnson A Associates, Inc., Resource Applications, Inc.,
Geo/Resource Consultants, Inc., and Environmental Toxicology International, Inc.



Mr. Steven J. Faryan -2- July 2o, 1988

Should you have any questions or require additional information,
please feel free to contact us.

Very truly yours,
ROY F. WESTON, INC.

Scott 0. Springer
Technical Assistance Team
Leader, Region V

RM/dd
Enclosure
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1.0 SITE DESCRIPTION

The property utilized by Operating Industries Inc., commonly
known as Skinner Landfill, is a demolition debris landfill. Past
practices of the landfill involved acceptance of pesticide waste,
chemical waste, liquid industrial waste and, allegedly, military
chemical ordinance. The landfill is located in Butler County,
Ohio, approximately one-half mile northeast of the Town of West
Chester, and approximately one-half mile south of the interchange
between Interstate 75 and Cincinnati-Dayton Road in Union
Township, Ohio, Range 3, Township 2, Section 22 (Figure 1). The
Skinner property comprises approximately 78 acres of hilly
terrain. The property is bordered on the north and east by
wooded land, and on the south by both wooded and agricultural
land. To the west is Cincinnati-Dayton Road with an elementary
school located across from the Skinner property. The U.S.
Environmental Protection Agency (U.S. EPA) Remedial Investigation
Feasibility Study (RI/FS) report of the Skinner Landfill states:

"The site is situated in a highly dissected area that slopes
from a till-mantled, bedrock upland at elevations of 850 to
900 feet (M.S.L.) to a broad, flat-bottomed valley, which is
occupied by Mill Creek, at elevations of 600 to 650 feet.
Elevations within the Skinner property range from 650 to 750
feet. The property is traversed by two intermittent
streams, one of which, East Fork, flows approximately west
to east through the southern part of the site. The other
stream, known as Skinner Creek, flows southwesterly,
parallel to and about 600 feet east of Cincinnati-Dayton
Road. In the angle between the two streams is an upland,
having two en-echelon, elongated hills, which are also
oriented roughly parallel to Cincinnati-Dayton Road.
Several ponds are present on the western flank of the
western hill, which shows evidence of sand and gravel
extraction.

In general, the site is underlain by relatively thin glacial
drift (less than 35 feet) over interbedded shales and
limestones of Ordovician age. Based on water well logs and
boring logs from the limited on-site investigations, the
soils are mixtures of sand, silt and clay in varying
proportions. The soil stratigraphy is not well-defined.
There appears to be a narrow buried valley that branches off
from the Hill Creek buried valley towards West Chester.
Drift thicknesses of up to 100 feet were found in West
Chester, where a substantial layer of sand and gravel
contain an aquifer which serves as a water supply for many
residences. This buried valley may extend into the Skinner
property at its southeastern corner in the vicinity of the



confluence of the two streams. Preliminary hydrogeologic
evaluations by St. John (1981) and Hosier (1976) concluded
that ground water flow in the vicinity of the site was most
likely in a southwesterly direction, toward the buried
valley. However/ the depth and configuration of the water
table are not well-defined.1*

2.0 SITE BACKGROUND

The Skinner property first became involved in landfilling in
1934. John R. Kennedy, sanitarian for the Butler County Health
Department, states in a 1959 letter that the landfill was used
for disposal of general trash from a paper plant, other materials
used in the paper making process, and scrap metal from various
sources. This letter was written in response to a complaint about
late night burning and irritating smoke coming from the Skinner
property.
On April 2, 1963, Operating Industries, Inc., requested
permission from the Butler County Board of Health (BCBH) to
conduct a sanitary landfill operation on the Skinner property in
Union Township. The principals of Operating Industries, Inc.,
included Albert Skinner, Skinner Sand and Gravel Company, and
George Solomon of Cincinnati, Ohio. The BCBH approved the use of
the site as a sanitary landfill.
The Oalewood Homeowners Association (DBA) opposed the landfill,
and subsequently stated their case to the BCBH. On June 25,
1963. the OHA wrote the BCBH, which stated that Skinner Landfill
was accepting "liquid cyanide waste11 from the Sharonville Ford
Motor Company Plant. The OHA further alleged that chemical
wastes from Andrew Jurgens Company, Dow Chemical Company, Globe
Valve Company, and Cincinnati Chemical Company were being
disposed of in Skinner Landfill. In a letter dated June 23,
1964. the Ford Motor Company confirmed that materials containing
cyanide were disposed in the Skinner Landfill. No actions were
taken regarding these complaints, and the landfill continued
operations.

The Southwestern Ohio Air Pollution Control (SOAPC) received a
complaint from a citizen on April 19, 1976, concerning heavy
smoke and odors emanating from the Skinner Landfill during the
period of April 8, 1976, to April 19, 1976. The citizen also
reported experiencing eye irritation on April 16, 1976. This
same citizen reported seeing two tank trucks enter and leave the
landfill. SOAPC inspector Hugh Davis investigated the complaint
and reported that the cause of the latest observed fire (April
18, 1976) was the burning of old tires and scrap lumber at the
facility. He stated in his report that he could not discern any
chemical odor. One fireman reported that they feared the fire
would reach a nearby lagoon containing a black, oily liquid. The



surface area of the lagoon was estimated to be approximately 35
feet x 40 feet.

On April 21, 1976, the Ohio Environmental Protection Agency
(OEPA) was asked to investigate the latest suspicion of whether
waste from the Chem-Dyne Corporation Industrial Haste Storage
Plant was being delivered to the Skinner Landfill. The Chem-Dyne
Corporation denied that any of their waste was disposed of at the
Skinner Landfill site.
After access had been denied on April 22, representatives of
OEPA, SOAPC, BCHD, and Butler County Sheriff's Deputies entered
the Skinner Landfill on April 26, 1976, with a search warrant.
The area of the lagoon noted during the April 18, 1976 fire had
been recently graded. This grading allegedly began the afternoon
of April 22, 1976, after access was denied. Over one hundred 55-
gallon drums marked "Chemical Waste" were also observed during
the April 26 inspection.
The OEPA received reports on May 3, 1976, that the Skinners had
been trucking unknown materials off their property late at night.
The trucks left the landfill with their lights off, and
consequently, were not readily identifiable.

On May 4, 1976, representatives of OEPA and the Butler County
Sheriff's Department returned to the Skinner Landfill site with a
search warrant to conduct further investigations. The inspector
found the road leading to the regarded lagoon area blocked by a
bulldozer, that the Skinners claimed was inoperable. When the
Skinners were told that the OEPA would return with the equipment
to move the bulldozer they stated that the following materials
were buried at the landfill: nerve gas; mustard gas; incendiary
bombs; phosphorous; Flame Throwers; cyanide ash; and explosive
devices.

At this time the OEPA withdrew from the site, and inquiries were
made into the Skinner's allegations. Sources confirmed only that
that cyanide ash, phosphorous, and one or two flame throwers with
canisters had been disposed of by the Skinners. No confirmation
was available of the other materials 'claimed to be disposed of on
the site. Due to the possible involvement of weaponry, the
Pentagon was contacted and a specialized unit was secured to aid
in the site investigation.

At a meeting on Hay 10, 1976, between the Butler County Sheriff,
U.S. EPA, and the U.S. Army Special Unit, the Sheriff stated that
the Skinners' had been working all Saturday night, Sunday and
Sunday night moving earth. Representatives of the OEPA, U.S.
Army Special Unit, and Butler County Sheriff's Department entered
the Skinner Landfill on May 11, 1976, and proceeded to the lagoon
area that had been pinpointed on aerial photographs. As



•xcavation of the lagoon area was undertaken, a chemical odor
became stronger, and individuals in the general area reported
experiencing burning eyes and general discomfort. At a depth of
10 feet, the soil removed became black, slimy and moist. At 15
feet, thick black liquid began flowing into the excavated trench.
Between 15 to 20 feet, a layer of 55-gallon drums was discovered,
as well as red and green material resembling paint. Seven
samples were collected from the excavated site and drums.
Consultants from Chem-Dyne had stated earlier that there might
have been a clay and/or vinyl liner in the lagoon area. No liner
was encountered during the excavation.
Analysis of the May 11, 1976, OEPA sampling of pit ooze and drum
liquid indicated the presence of several pesticide intermediate
compounds as well as cyanide, cadmium, chromium, lead, mercury,
zinc, copper and phenol. Despite these findings, the landfill
continued operations.

On July 22, 1977, J. Zorn, of Rayan Engineering, took aerial
slides of the Skinner Landfill and reported open burning in the
disposal site area. The OEPA reinvestigated the Skinner Landfill
on July 25, 1977, and made the following observations: demolition
type waste and earth had been dumped in the OEPA authorized
excavation of May 11, 1976; a pile of unknown white bulk
material had been dumped recently; a leachate was noted seeping
from near the buried lagoon area; and drums were stacked near the
creek which runs through the landfill. The drums were filled
with a white colored semisolid. Several drums were leaking and
had drained into a nearby creek; Mr. Skinner stated that the
material was used for dust control on his driveways.
Legal proceedings were initiated by the state of Ohio, against
the Skinner Landfill operation, in the Butler County Court of
Common Pleas (CCP) on August 22, 1977. In January of 1979, the
CCP entered a final judgment, denying the Skinners any further
chemical waste disposal at their landfill. The Court refused,
however, to issue a mandatory injunction directing the Skinners
to remove the accumulated wastes present on the site.

On August 1, 1979, the Butler County Court of Appeals affirmed
the CCP judgment of January 1979, refusing to issue the
mandatory injunction to remove present wastes on site. Twelve
days later, on August 13, 1979, the OEPA requested that the
Attorney General's Office appeal the Court of Appeals, First
Appellate District of Ohio, decision in State of Ohio, ex ral.
Ned E. Williams, et al.. versus Albert Skinner and Mrs. Albert
Skinner, dba The Skinner Landfill. No. CA79-02-0010, filed August
1, 1979. OEPA lost this appeal.

The Field Investigation Team (FIT) on September 10, 1980,
attempted a site inspection, but were refused entrance by Mrs.



Skinner. On July 19, 1982, the FIT finally gained access and
began drilling four monitoring wells as part of the Mitre Program
(Hazardous Ranking System). The four monitoring wells were
completed on July 22, 1982. Two of the wells were dry, and the
other two were sampled on July 27, 1982. The FIT submitted their
assessment to the U.S. EPA on September 3, 1982.
In April 1983, the U.S. EPA conducted a responsible party search
of the Skinner Landfill. The Remedial (REM II) activities for
Skinner Landfill undertaken by Roy F. Weston Inc., began in
August 1984. On January 28, 1986, U.S. EPA Remedial Project
Manager (RPM) Gene Wong, requested that the U.S. EPA Emergency
Response Section perform a site assessment of the Skinner
Landfill.
3*0 SITE INSPECTION

On February 13, 1986, On-Scene Coordinator (OSC) Ross Powers, and
Technical Assistance Team (TAT) members Robert McLeod and Craig
Bell met with RPM Gene Wong, OEPA representative Tom Onco, and
Mark Hudson and Mike Sort of Roy F. Weston, (REM II project).
Additionally, Mr. Skinner's son, Ray Skinner was present as an
escort. TAT members air monitored the site with a
photoionization detector (HNU) and a combustible gas indicator.
Only the HNU readings exceeded background, which occurred during
near contact with suspect material.

During the site inspection, it was noted that active demolition
waste landfill ing was occurring throughout the 78 acres of the
Skinner Landfill. The site, well vegetated with mature trees,
had four active residences within its confines (Figure 2).
Partial fencing encompassed the site, however the landfill was
easily accessible with off-road recreational vehicles entering
the site often. Numerous underground storage tanks, junk
vehicles, appliances, railroad cars, and demolition debris
littered the site. The Skinners also have several pieces of
heavy equipment, a rock crushing device, several storage
buildings and an abandoned stacked burning pit on the site.

Supposedly, numerous drums on the 'site contained motor oil,
grease and anti-freeze, which are used in the operation of heavy
equipment. One group of drums, near Skinner Creek on the west
side of the site, consisted of thirty-three 55-gallon drums
marked "paint thinner", and sixty-three 5-gallon cans marked
"roofing tar". These drums were in deteriorated condition, and
several had degraded to the point 'of losing their contents. The
other large collection of drums was at the north boundary in a
heavily vegetated area. Here, approximately fifty 55-gallon drums
were situated in a disorderly manner. Several of these drums
were severely degraded and the contents solidified. These drums
appeared to contain paint. All other drums and tanks on the



site, which contained materials, were identified by Mr. Ray
Skinner to contain motor oils, grease and anti-freeze all used in
the operation of the landfill.
Mr. Ray Skinner reported that he intended to move all the drummed
material used in the landfill operation into locked railroad
cars. Mr. Ray Skinner also stated that he intended to sell the
tar and thinner located by Skinner Creek, and crush every empty
steel drum on the landfill. The several, large underground
storage tanks present on the site vere part of a scrap metal
operation engaged in by Mr. Ray Skinner, and were open and
appeared empty.
The site of both the buried lagoon and excavation of May 11,
1976, was heavily vegetated and partially covered by demolition
debris. The four monitoring wells at the old lagoon site
appeared to be in good condition. One empty electrical
transformer was observed at the site.
On February 14, 1986, TAT members Bell and McLeod met OSC Powers
and RPM Wong, at the Skinner Landfill to conclude the site
inspection. Mr. Ray Skinner again accompanied the group during
the inspection. The morning activities consisted of continuing
to locate and identify drums and their contents. The drums
located that day were either empty, or identified by Mr. Ray
Skinner as containing material used in the operation of the
landfill. At the end of the day, it was decided that a
comprehensive sampling of the site would be carried out to
characterize the site.
on February 19, 1986, TAT members Bell and McLeod met OSC Powers
at Skinner Landfill. Mrs. Skinner refused entry, stating that
her son was not available to escort the team. OSC Powers
contacted the office of Regional Counsel who worked out an
agreement to allow entry on February 20, 1986.
On February 20, 1986, TAT members Bell and McLeod, along with
OSC Powers entered Skinner Landfill to collect samples. Mr. Ray
Skinner accompanied the sampling team throughout the day.
Samples were collected to qualify potential surface problems,
which included a pile of white material, drums on site, flooring
blocks and a transformer. Additionally, sampling was used to
identify off-site migration of contaminants. The areas identified
as potential release points included seeps below the old waste
lagoon, seeps below the .landfilling operation, runoff from the
landfill, and runoff from the old waste lagoon.

The first phase of the sampling involved bailing the monitoring
wells and placing seep collectors in the stream bank. Upon
completion of the aforementioned .tasks, the pile of white
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material identified as lime was sampled by pushing a hollow tube
three feet into the material. The tube was then extracted and the
cores of the samples composited. The sample was analyzed for
metals, organics, ignitibility and reactivity.

Along Skinner Creek, the thirty-three 55-gallon drums marked
"thinner", and sixty-three 5-gallon cans marked "roofing tar" had
been removed by the property owner prior to the February 20
visit. A composite soil sample was collected from the spot were
the drums had been placed. This sample was analyzed for volatile
organic compounds (VOCs).

Of approximately fifty 55-gallon drums located on the north
boundary of the landfill, a single drum was sampled. This sample
was analyzed for VOCs and flashpoint. Open drums showed decay,
and appeared to contain similar substances - i.e., paint.

A pile of flooring blocks on the site were sampled by breaking up
several of the blocks and compositing the pieces. The samples
were analyzed for polychlorinated biphenyls (PCBs). A composite
soil sample was collected from around the base of an apparently
empty transformer, and analyzed for PCBs.

To identify off-site contaminant migration, these samples were
analyzed for metals and organics.

Two monitoring wells, situated at the site in the now buried
lagoon, were sampled with a stainless bailer. The bailer was
decontaminated between wells and the cord changed. The well
samples were analyzed for metals and organics.

On March 14, 1986, TAT members Bell and KcLeod returned to the
Skinner Landfill, and sampled the four wells on the property. The
wells were all potable water sources utilized by the Skinner
family. The samples were analyzed for VOCs.

4.0 ANALYTICAL RESULTS

Analytical results are presented in the following: Table 1 from
the February 20, 1986 liquid sampling, Table 2 from the February
20, 1986 well sampling, and Table 3 from the March 14, 1986 well
sampling. Table 4 presents the list of compounds and elements
detected at the Skinner Landfill with the associated referenced
standards.

As illustrated in the three tables, many compounds and elements
exceed the regulatory standards. The majority of these
contaminants are Resource Conservation and Recovery Act (RCRA)
regulated waste and therefore, are listed hazardous waste.
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TABLE 2
ANALYTICAL RESULTS OF SAMPLES COLLECTED BY THE TAT

AT SKINNER LANDFILL
WESTCKESTER, OHIO
FEBRUARY 20, 1986

parts-p«r_bil1 ion)

CONTAMINANT
WELL
ISSD

WELL'
§56^

FIELD
BLANK

BENZENE
CHLOROBENZENE 62.49
CKLOROETKANE 288.61
CHLOROFORM 59.36
1.3 DICHLOROBENZENE 756.24
1.4 DICHLOROBENZENE 111.11
1.1 DICHLOROETHANE 1780.31
1.2 DICHLOROETHANE 65.48
1.1 DICHLOROETHENE 20.43
TRANS 1,2 DICHLOROETHENE 788.32
1.2 DICHLOROPROPANE 805.54
ETHYL BENZENE 181.40
METHYLENE CHLORIDE 295.06
TOLUENJL 3231.65
"fTTTl TRICHLOROETHANE 176.75
TRICHLOROETHENE 25.01
PHENOL " - -^ 14.10
2-CHLOROPHENOL 6.27
BIS (2-CHLOROETHYL) ETHER 315.61
BIS (2-ETHYHEXYL) PHTHALATE 32.34
NAPHTHALENE 12.38
ARSENIC 20.00
ZINC . 230.00

17" 8.66
75.46
343.38
70.21 122.37
586.48

1963.23
101.84
35.66 22.97
968.22
1376.18
215.82 7.30
516.79 1104.69
3393.95 381.62
274.89 293.65
14.73 29.02

5.93

313.18
61.78
16.25
30.00
180.00

4.68

NA
NA

36.22
44.79
24.06

1.10

* SAMPLES ANALYZED BY SUBURBAN LABORATORIES, INC, HILLSIDE, ILLINOIS
- Below Detection Liait
NA Not Analyzed
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TABLE 3
ANALYTICAL RESULTS OF SAMPLES COLLECTED BY TKE TAT

AT SKINNER LANDFILL
NEST CHESTER, OHIO

March 14, 1986
(iwults in parts per bill Ion)

S61 S62 S64
IAOOCN SKINNER v' *•''n

CONTAMINANT__________ WELL WELL BLANK

1.1 OICHLOR3ETHANE 3.00 — —
1.2 OICHLOROEROEANE 5.00 — —
1,1,1 TRTCHLCRCETHANE 20.00 14.00 —

* SAMPLES ANALYZED BY CANTON ANALYTICAL LABCBATCRY, INC,
YPSHANTZ, MICHIGAN

DKtaction Liait
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TABLE 4
STANDARDS TOR CONTAMINANTS

FOUND AT SKINNER IANDFTLL
(Concentrations in parts per billion)

HA HA
TEN

CONTAMINANT CHTIUUA/2 DAY/3 DA2CS/3

CDNC. IN
HA NATURAL

CHRiae/3 SOII5/4

BENZENE 30 5300 230 70
CHLOROHENZENE 350 3500 1800 1800 30000
CHLOROFORM 10000 1200 - -
1.3 DICHLQROBENZENE - 700 - - -
1.4 DICHLOROHENZENE - 440 - - -
1.1 DICHLOROETtRNE - -
1.2 DICHLGROETHANE — — - - —
1.1 DICHD3ROETHENE - - 1000 70
TRANS 1,2 DICHIOFCEIHENE - - 2700 270
1.2 DICHLOROPROPANE - 2100 90 -
ETHYL BENZENE 435 560 -
KETHYXZNE CHLORIDE 350 - 13000 1500 150
TOLUENE 375 5200 21500 2200 340
1,1,1 TRICHLOROETHANE - - - - 1000
TRICKLOROETKENE - - • 2000 200 75
PHENOL 19 3400 - -
2-CHLOROPHENOL . 180 -
NAPHTHALENE 50 - - - -
ARSENIC * 0.20 440 -
BARIQf . . . . .
CHROM-40TAL - 21 1400 1400 -
COPPER 0.20 - - - -
LEAD - -
MERCERY 0.05 4.1 -
NIOGL - -
ZINC • 5.00 - -

5000
430000
100000
30000
10000

30
40000
50000

1. Threshold Limit values +̂ f by the American Conference of

2.
3.

Governmental Industrial Hygienists.

Federal Water Quality Criteria for Freshwater Aquatic Life (Acute) .

Health Advisories (1-day, 10-day, chronic) established by the U.S.
EPA Office of Drinking Mater.

4. Average Element Concentrations in Natural soils
Waste Land Treatment. U.S. EPA, SW-874 (April, 1983).

frcm Hazardous

13



5.0 THREATS TO HUMAN HEALTH AND THE ENVIRONMENT AS RELATED
TO THE NATIONAL CONTINGENCY PLAN

The Skinner Landfill site has been found to pose the following
actual and potential threats to human health and the environment
as delineated in 40 CFR Section 300.65 (b)(2) of the National
Contingency Plan:

1) Actual or potential exposure to hazardous substances,
pollutants or contaminants by nearby populations,
animals or the food chain;

2) Actual or potential contamination of drinking water
- supplies or sensitive ecosystems;

3) Hazardous substances or pollutants or contaminants in
drums, barrels, tanks or bulk storage containers that
may pose a threat of release to the environment; and

4) High levels of hazardous substances or pollutants or
contaminants in soils largely at or near the surface,
that may migrate.

5.1 Actual or Potential Exposure

The presence of the drums at the northeast corner of the site
poses an existing threat of exposure. These drums, tentatively
identified as "brilliantly colored paint", are randomly
scattered, in various stages of decay, and currently leaking
contents. Sample analysis indicates that these drums contain
high concentrations of benzene, ethyl benzene and toluene. The
status and condition of these drums presents an actual and
potential threat to nearby populations, animals, and the food
chain.

5.2 Actual or Potential Contamination

The sample data generated from the monitoring wells in the buried
waste lagoon demonstrates the presence of elevated levels of
chloroform, 1,3-dichlorobenzene, methylene chloride, toluene and
1,1,1-trichloroethane (1,1,1-TCA) in the ground water. However,
analysis of water samples collected from the potable water wells
on site show only three contaminants: 1,1-dichloroethane,
1,2-dichloropropane and 1,1,1,-TCA. These substances were
present at levels not considered hazardous. The potential
contamination of drinking water supplies does exist through
migration of the contaminants in to the ground water, and may
explain the presence of 1,1,1-TCA in both the monitoring wells
and the potable water wells.

14



5.3 Threat of Release

In its current state, the drun pile at the northeast corner of
the sit* has ralaasad contaminants, and posts a continuing threat
of release as the drums decompose.
5.4 Thraat of Migration

Surface soils collected next to Skinner Creek (where drums marked
"thinner" had been stored) were analyzed, with results shoving
elevated levels of ethyl benzene and chloroform. The proximity of
Skinner Creek to the contaminated surface soils offers a path of
migration for contaminants. I
6.0 RECOMMENDATIONS

Because Skinner Landfill is on the National Priorities List, and
currently under investigation by the U.S. EPA Waste Management
Division, Remedial Section, action by the Emergency Response
Section is not warranted at this time. Based on the above
threats, the TAT does recommend the following for implementation
by the lead agency:

0 establish a monitoring well sampling program in and
around the landfill;

0 remove contaminated soils for disposal or treatment; and,
0 stage, sample, overpack, and dispose of drums located in

the northeast section of the site.

15
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APPENDIX P

SAMPLING DATA TABIZS

j
' Fl Vblatlla Organic Ocapounda — CroundHatar

F2 ENX Osapounda — Grounduatar
F3 PaaticlaVFCB rmnpmairte — Grcunduatar
F4 Ibarganic acapounda —
F5
F6 Vblctilc
F7 Vblatila Organic Oovp
F8 a«. OeapaundHi — Surface Mtar
F9
F10 Paatleida/PCB Oaapcunda — Sadiaant
FU inorganic ccnpaunda — Surfaoa Matar
F12 Inorganic Oonpcunda — Sadiaant
F13
F14 Volatile Organic Ouuvumto — Sucfaca Soil
F15 ENA Compounds — Surfaca Soil
F16 Paaticida/PCB Oonpounda — Sutfaoa Soil
F17 Inorganic Oaopounda — Surfaca Soil



Sourer U.S.G.S. 7.5* Gltndalt. Ohio Quadrangl*.
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FIGURE 5-5 RESIDENTIAL WELL SAMPLING LOCATIONS
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TAME 5-12

tUNNAIV OF MIIMNTIAl Kit MK ANALVMS
AIL VALIIEf ID Uf/l (ppb>

NMhM I
RU01 W02 MJOI MMK tU05 HUOJOf MM MHO •!«* l*v«l (NO.)

1,1.1-lrlcMorottMnt — — — — • — — — — f.O 200
Acetone — — — ••• — ••• ••• ••• ft HE
•roModldiloroMtkant -•• ••• 5.0 ••• •-• .. -•• ••• ••• — WO
CMoroforai ••• ••• 1.0 ••• . •-• ••• ••• -•• ••• 100
Toluww — -•• — — -•- ••• ••• S.S

Chtoridt ••• ••• ••• ••• ••• •-- ••• 10.0 •••

ro
0» — Hot Detected

OP • Duplicate
Ml • Not Eilabllthed

level



IAILE 5-1J

SUMMARY Of •ESIOEN1IAL UEIL MM ANALYSES
ALL VALUES IN ug/i (pf>b)

in
I

fluorenthene
Pyr«fw
Phenol
4-ltethylphMMl
••ntolc Acid

••• Not Detected
OP - Duplicate
HE - Not Established

RMM MAX UWOJ MM MM MJOSM* MHO
field NM(MI ContMlrant
•link level (HCl)

2.0
1.7

UO
210
45

HE
HE
K
HE
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TABLE 5-15

SUMMIT Of RESIDENTIAL UEU INORGANICS ANALYSES
SKINNER LANDFILL

ALL VALUES IN ug/l (ppb)

Ul1
VO

Alualnus
Bariua
Boron
Calclua
Chraaius
Copper
Iron
LithluB
Nagneslua
Manganese
Potass IUB
Sodlua
Strontlua
Zinc
Alkalinity as CaC03 (ng/l)
Chloride <•*/!>
Nitrate as Nitrogen (Kg/I)
SuUate («•/!)
Aaaonla (•a/I)

RU01-OI

...
SO
206
97.3 K
...
...
—
26.0
27.0 K
31.8
...
18.0 K

1620
103
284
39
0.25
84
...

RU02-0!

98.2 K
633
155
219 K
186
466
160 K
ISO
SB K

2390
14.9 K
4.96 K

S04
4910
116
...
4.02
32
...

RW03-01

...
48.0
132
77.7 K
...
37.7
165
...
11.6 K
29.0
3.04 K
11.5 K
209
298
169
3
4.3S
28
...

RU04-01

...
50.4
93.6
99.5 K
—
10.5
233
12.5
...
65.8
...
...

322
858
239
11
0.41
60
...

RUOS-Ot

92.6
120
574
97.7 K
—
7.49

335
46.4
26.8 K
298
...

148.0 K
1340
894
250
310
0.63
37
...

Ruos-or

88.3
118
258
97.4 K
...
7.43

347
46.5
2».7 K
299
...

148 K
1340
887
257
310
0.63
37
'...

MJ06-01

45 K
592
94.3
155 K
76.4
157
91.7 K
54.8
33.6 K

4020
6.14 K
3.12 K

325
1410
268
• *»

1.54
47
...

field I
MHO-01 Blank

2650
184
127
151 K
10.2 9.45 K
38.7
19.5 K
18.9
29.2 K
667
62.7 K
11.4 K
348
412
537
20
...
28
...

Tle»ry Drinking
Water Standards

HE
1000
HE
HE
58

1000*
300*
HE
HE
50*
NE
ME
NE
5000*
NE
250*
10
250*
NE

--• Not Detected
DP • Delicate
• • Secondary drinking water standard.
K • Multiply Result by 1000
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TABLE Fl
SUHIMV OF VOLITILE ORMNIC CONPOWO

ORftlMMTER MNflES
SKINNEI LINtfILL

ANALYSES

PHASE

CRL LOS NUKIER

TRAFFIC REPORT NWKR

MTE COLLECTEI

UNITS

1 fiNM-ll

1 1

1 IMMItti

1 ENSII

1

1 M/2S/M

1 W/tt

1

1

1

1

1

1

1

SUM-12

2

•MAOISM-

EN2H

M/2I/M

an.

1 W07-II

1 1

1 10*01127

1 EN3lt

1

1 M/21/M

1 W/l

1 DM7-I2

1 1

1 MRMIIfl

1 EN343

1

1 N/2I/M

1 W/l

1 WM-41

1 1

1 MIMIS2I

1 EMM

1

1 M/lt/M

1 U8/L

1 Wlf-lt

1 1

i MMIIIM
1 EN92I

1

1 M/tf/M

1 W/L

1 CWMI

1 1

1 MIMIMf

1 EN322

1

1 M/I3/M

1 W/l

1 NM-12

1 2

1 MRM2SOI

1 EN344

1

1 M/2I/M

1 W/L

i sump
1 1

1 MIMII2I

I ENS72

1

1 H/li/M

1 W/L

1

1

1

1

1

1

1

1,1,1-TricklM-MtkMt
1,1-licklaroitkiu
2-llltllMI
teitMt
limit
CirkM TitrttkloriO
CkltrokMimi
CklwiitkiM
Cklorofori
Etkylkntcni
Nttkylnii Ckloritft
Tttricklorottkent
TtUnt

• Total lyliMt
TrMt-l,2-licklorottkNi
VUyl CklorUi

41 Jl
9M I II

l.i J

i i
4 n
12 I

Jl —
t,9 J II I

IS Jl - —— i

...... ,.j j

*•_•»•• •*>*_<» 77

§ _.»—*

.„ ——

ii

4 J 2 Jl ——
» •

...... ___. t !•...... ...... j jj

————— ————— —————

3.3

1.3

......

J

J

2 Jl
1 J
1 Jl

———

J • Estimated Value
B - Compound Detected in Lab Blank



TMOE Fl (oonb'd)
8UMMV IF WUTILC MMNIC CWMUM AMLVttS

SKINNED IIMFIU

PtUK

CULM mm
TltfFIC KPNT Ml

MTCCttlECTEt

IMITI

1 MIS-02 1

1 2 1

1 IUM2M7 1

IKI 1 0071 |

1 1

1 M/M/M 1

1 M/l 1

Mil-41

1

I4IMIIU

QB2t

M/I3/M

M/L

1

1

1

I

1

1

1

MU-42

2

MMUMI

0077

M/N/M

M/L

1 MU-K

1 2

1 IUM2MI

1 0031

1

1 M/M/M

IM/l

1 MIMI

1 1

1 MUOII37

1 OBM

1

1 M/ll/tft

1 M/L

1 MI7-42

1 2

1 UMMMf

1 0071

1

1 M/lf/M

IM/l

1 NI7-»

1 2

i UUMftAMMMMHlVi

10047

1

IM/lt/M

IM/l

1 MIMI

1 1

tlUMIIH

ICHUI

1

1 M/ISMI

IM/L

1 Mil-42

1 2

1 IUM2III

1 0071

1

1 M/lt/M

1 M/l

1

1

1

1

1

1

1

1,1,1-TricklorMUm
1,1-llchlvntkui
2-Ml

IMIMI
CirkM TitncklorUt
CklertkMiMU
ChlWMtkut
Cklwilora
CtkyUMtHt
NttkylMi CklwUi
TitrttklWMtkMi
TtUnf
Totil lyliui
Trm-l,2-Dickloroitktu
Viiyl Cklori^t

1.1 n

12 2.t J

1.1 Jl

9.* I

S.S I

M

U
21 J
< Jl

14 J

1.4 Jl

n i
M N 1.1 Jl

J " Estimated Value
B - Compound Detected In Lab Blank



TABLE F2
SUWMV OF SENIVOLMILE MMNIC COHPBUM ANALYSES

IROUNWAIEI MNPLES
SKINNEI IAMF1LI

1,4-llcklorokiiiMi
2-ltetkyUaplitkilHi
4-CkltromiliH
4-Httkylpktiil
Imoit

liitkylpktkiliti
Ritkylim Chloridi

PHASE

ML LM MUMEI

TRAFFIC REPORT NUMKR

MIC COLLEGTEI

IMITI

1 W07-02

1 2

1 MAOISM

1 EH34I

1

1 M/2I/U

1 U/L

1 «NI-IP

1 1

1 MMII2I

1 EHS2I

J

1 M/lf/IA

1

1 fiHM-OI

1 1

1 UtMIItt

1 EH922

1

1 M/I9/I4

1 M/L

1

1

1

1

1

1

1

vtn-n
2

IUM2MI

EN944

M/2I/U

M/L

( •Una ••Mvr Pr

1 1
i uiMiin
1 ENS72

t

1 tt/ll/IA

1 M/L

1 ttlMI

1 1

1 UIMIIU

1 EN323

J

1 M/I3/IA

1 M/L

IMIM2

1 2

1 UMI2M2

1 0341

J

1 M/21/tt

1 M/L

1 Mll-tl

1 1

1 UIMIS1I

1 EH524

1

1 M/II/IA

1 M/L

1 MIM2

1 2

1 IUM2M1

1 EHHt

1

1 N/2I/I4

t WA.

1

1

1

1

1

1

1

1.2 J
NiptkiltM
Pntuklortfknol
PkMOl
IitricklwMtkmi
kii(2-ChlorpitkyllEUtr
kii(2-CMarmo»roryllEtkir
kU(2-Etkylknyl>PktkiliU J.4 J|

2M

21 Jl

23 J M
I.I J

J " Kstlmated Value
B - Compound Detected in Lab Blank
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TABLE F4 (OOlt'd)
BUNHMV OF INOMM1G CONPOUM MULVSES

OROWWATER SANIES
SKIMMED IMIFILl

PHASE

CM. LOO MMEI

TRAFFIC REPORT NUMER

MTE COLLECTEI

WITS

AlvillM
Arttiic
Itriii

i urn-net
1 1
1 OARMIRll

1 NEJI03

1

1 M/IO/U

1 M/L

— —

1 OHI2-OI

1 1

1 OARMI012

1 RE JI39

1

I M/IO/U

1 M/L

17

1 MI2-02

1 2

1 OilM2M4

1 NEJIN

1

1 N/2I/OA

1 M/L

n
02

1 Mil-11 1 MM-«t

II 1 1

1 OAOMI011 1 OMMI034

1 KJIJA 1 KIIS7

1 1

1 OS/lf/04 1 09/10/04

1 M/L 1 M/l

— — • — —

1 MI4-02 1

1 2 1

I OAOM2SOA 1

1 NEJU1 1

1 1

1 M/2I/U 1

1 M/l 1

41

31

MIS-11

1

OAOMIOU

NEJI10

M/ll/OA

M/L

02

1 MIS-02 1

1 2 1

1 OAOM2S07 1

1 KJIOI 1

1 I

i oom/u t
1 M/L 1

4A

134

SKIS-OP

2

OARM2M7

HEJI31

M/20/OA

Ma
17

OA

1

1

1

1

1

1

1

AlvillM
Arttiic
Itriii
Itrylliui
C«ICiUI

ChrotUt
Cokilt
Ci»tr
CyinUt
Iron
Lutf
RifMtiui
N*l|IMIt
Mercury
Nickil
Potiitlui
StlMim
Mini
Vmtfiii
line

— — ——
— ~ ——
...... «
—— ——
..._„ t91MAJX^CW
•••••• L

...... J

•••••• •

...... —— .„

M ......

————— —————

...... IM1MIvwlWW

...... Itt...... ĵ

...... ......

...... |̂

llltM
——— —— .
...... 240404

——— 1

n——
02

———
2740M

7
f.l

IS
— —
117
... — .

moo
1110——

45
407M

———
I040M

SO

——
......
— —
——

2AOM
* — ...
———
— ...
~ — .
04
0

IOSM
11
. ——
......

7410
———

20AOM

—— .
. ——
——
——

40AM
......
———
. ——
• ——
134

4
I4MM

If
———
———

1000
———

AASO

41
. ——
31
1.1

A04M
4.1

—— ̂
I.I

———
47
. ——

IOMO
3f

———
———

1700
———

12200

f.O

———
..__
02

——
I1AOOO

———
3

—— .
- ——

——
mu
2211

0.2——
S047

7AOAO

10

4A
......
134
———

144000
———
.-_-.

7.1
. ——

44
———

2MOO
ON
———
. ——

22001 ———
20AM

7.0

17
—— .

OA
———

IAAMO
IS

—— ..
o.s

——
IS

—— _ .
. MIM

2140
—— .
11

II4M
———

714M

2A

U - U n f l l t e r e d Sample



TABLE F4 (ocnt'd)
HMUIV V IMUMIC CMNW MMLVICI

NQUUVAfu IMrLE?
KIWI UMFILL

masE
CM. 108 NJNKI

TMFFIC KPttT NWKI

•*•»«• • * *• •*•

NTE CILLECTEI

win

1 Wit-Ill

I 1

1 UIMtin

1 If Jl«

1

1 M/22/M

1 M/L

1

1

1

1

1

1

1

MIM!

2

MM02III

KJIM

M/M/M

N/l

1 W2MI

1 1

IIUMIM*

I If JIM

1 1

1 M/22/M

1 M&

1 H2t-tll

1 1

1 IUMIS44

I KJI44

1

1 M/22/M

IM/L

1 HRM2

1 2

IMMI2II2

I KJIfl

1

1 M/M/M

1 N/L

IN2I-4I

1 1

1 MMIIHI

1 KJI4S

1 V

1 M/lt/M

IM/L

1 Mil-Ill

1 1

1 MMMIMI

1 If JUS

1

1 M/lt/M

1 M/l

IH22-4I

1 1

1 MIMII42

IKJI44

1

1 M/II/M

1 M/L

1 H22-I2

1 2

! MIM2IU

1 MtfM

1

t M/lt/M

1 M/L

1

,1

1

1

1

1

1

41 Ml Ml
Arttiic
lulu
NryllUi
ClUiM
Ckruiii
Cw«ll
CIMK

IrM
Ltti
llMlllM
NufMMI
Mrcwry
NUkil
Pitiillii
HlMiM
Mill
VlltfiM
Hie

......
——
SI
... —

440M
1

— ~.
......

ir~
— '..

21500
33

—— .
2MO
—— . •

4431
———
......

7S
. ——
fl

— — •
II30M

VI—— —
4.2

71
———

34400
112
., — .
———

4220
......

3MO
———

4.4

4S7M
SI

4f4
. — .—

433000
101
37

143

'IMMO
7f

IOMM
2S70
. ——
ISO

3I4M
— ~.

I22M
102
441

~_~
If

tS7
— —

I400M
—— .
..'..—
— —

S270
4

S72M
us
—— ~
23

22100
.~._

M3M
.. — .
•-••~

S4S
32

IOM
— — *

401000
4
II
3.S

4IMO
-,-—

723M
3130
— .—
40

34000
. —— .

I32M
—— .
M

240M
17

234
m+m**m

3HOM
41
35
St

••••••

27
71300
3IM
——
71

93000
»i»^̂ »«

42MO
41

ISO

rr-...

1

141
- — .

I»3M
. —— »
~~~_
— —

4321
S

3SIM
ISM
———
———

443M
— ...

440M
— ...
......

.— .- 1-
— —
14

• —— •
towo

It
4

— —

734M
. ——

urn
320
—— ..
———

St2t
— ._

17100
...._
II

323
———
220
— »-.

I040M
31
10
4.3

4S300
S.I

moo
494
———
20

11400
. —— .

43200
—— «.

47

U Unfiltered Sample



TABLE F5
SUNHMV OF KNEML USTI ANALVSES

6ROUMNATER SANflES
SKINNER LAMFILL

PHASE

ML LOO NUMBER

TRAFFIC REPORT NUMBER

BATE COLLECTER

UNITS

Alkilliity u CiCOI
AuMii it Hi tr of »
CklorUi
Nitriti u MUrofM
fell It!

TS8

1 OH07-02

1 1

1 OARAOIStO

1 NE 1191

1

1 00/21/OA

1 M/l

1270

42
0.19

10
......

1 OHOO-OI

1 1

1 OARAOIS20

1 2207E-OI

1

1 09/lt/OA

1 NO/I

.. — .
• —— •
———
———
—— .
im

1 OHM-OP

1 1

1 OARAOIB20

1 2207C-02

1

1 09/lt/BA

IMS/I

— ._
.._..
-.._
———
—— .

It44

1 OHOt-02

1 2

1 OARM2M2

1 NEJI94

1

1 M/2I/OA

1 M/L

927
4.4

4A
......
U

«.~-.

1 MIO-OI

1 1

1 BARAOISM

1 2207C-03

1

1 09/19/OA

1 M/L

———
......
_~~~.
. ——
~—
MA

1 MIO-02

1 2

1 OARA02S02

1 NEJI9A

1

1 M/2I/OA

1 M/L

2AIO
20

200
0.9

00
~— •

1 MII-OI

1 1

1 OARMI01I

1 2207E-04

1

1 09/IO/OA

1 MA.

. — ._
— —
„._
———
......
2At

1 Mil-42

1 2

1 OAM02M)

1 NEJI97

1

1 M/2I/OA

1 M/L

1040
U

270
0.99

9AO
......

1 MI2-02

1 2

1 OAM02M4

1 NEJI30

J

1 M/2I/OA

1 M/L

IIAO
II

220
4.1

940
......

1

1

1

1

1

1
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TABLE F6
SIMMY OF VIUTILE MIMIC CMNUM ANALYSES

SURFACE HATER SAMPLES
SKIMER LMIFILL

NIASE

CRL LOS MMER

TRAFFIC REPORT NUNIER

MTE COLLECTED

WITS

1 6HOI-OI

I 1

1 OARAOIS34

1 EH532

1

1 M/04/IA

1 USA.

1 SN02-OJ

1 1

1 RARMIS94

1 EH393

1

1 M/04/IA

1 M/L

1 SN03-OI

1 1

1 RUMIS3I

1 EH334

1

1 M/M/IA

1 M/L

1 SN04-OI

1 1

1 MRMIIAI

1 EN333

1

1 M/M/IA

1 M/L

1 SUM-41

1 1

1 URMISA2

1 EH33A

1

1 M/04/IA

1 M/L

1 SNOA-OI

1 1

1 IARAOIIA4

1 EH337

1

1 M/M/IA

1 M/L

1 IN07-OI

1 1

1 IARMIIAA

1 ENS3I

1

1 M/M/IA

1 M/L

i mi-m
\ 1
IIARMIRAA

1 EH37I

1

1 M/07/IA

IM/l

1 SNOT-IP

: i

1 IARAOIMA

! ENSSf

1

I M/M/IA

1 M/L

1

1

1

1

1

1

1

1,1,1-Tricklorottkui
1,1-IUkloroitkiM
2'luUlOM

4-MiUyl-2-PMtiMM
Acitoat
OMIIM

treiolori
CarkM OlMlfUi

Cklorolori
likruockloroiitkiM
btkyltni Chloride
lUlHlffHB

TriM-l,2-Oickloroitkin

——— ——— ——— ——— ——— ——— ———

1.3 Jl 1.2 Jl 3.1 Jl 7.9 Jl 7.1 Jl A.7 Jl 7.3 Jl

14.4 1 14.3 1 I3.A 1 13.7 1 10.2 1 12.4 1 12.0 1

JL m *

14.2 1 A.2 1 1.3 1 10.1 1 13.4 1 4.3 Jl 1.3 1
v* v •

• t J „-.„• J • — ——

1.9 Jl 7.A Jl
O.I Jl -- ——

14.0 1 13.2 1
O.I J — —
2 t J ....• J • - —— «

1.7 J

3.1 J
3.2 J
II. 1 1 10.3 1
1.4 J — ™

J - Estimated Value
B - Compound Detected In Lab Blank



TABIE F6 (ocnt'd)
SOMMIf OF VDUT1U NMNIC CMfOUN) IHM.TSES

SIMFKC Will IMflil
SKMNEI LNMf ILL

MlAtfmuse

ttLUMMMa

TMFFIC KNIT MMKI

MTE CMIECTF.I

Will

1 NI9-4I

I 1

1 IMMII73

IOB49

1

1 W/I7/IA

1 MM.

1

1

1

1

1

I

1

1,1,1-TrlcklffMtkut
1,1-llcklKMtkut
2-M

AcitMt I Jl
lllINI ~- ——
IroMdlckltrMitkiu - ——

CirkM limlflte
Chlwutkut
Cklorifori
likrMKklWMltklH
HitkylMt Cklwite

TrMi-l,MUklarMtkm

J • Estimated Value
B « Compound Detected In Lab Blank



TABLE F7
BUMMV IF VOLATILE M8MIC ONTOUM ANALYSES

SEIINENT IANFLES
BKIMEI LMMFILL

PHASE
CRL LOG MINER

TRAFFIC REPORT NtMKR

DATE COLLECTED

UNITS

1,1,2,2-TttrukloroiUMt

t SHI-OI

1 1

1 MMOIS77

1 EM94I

1

1 I9/I4/M

1 li/KI

———

1 SN2-II

1 1

1 MRMII7I

1 EH34I

1

1 M/M/M

1 W/KI

———

1 SM3-II

1 1

1 MRMII7f

1 EH942

1

1 N/I4/M

1 W/KI

———

itNi-ir
1 1
i liiMint
1 EN9U

1

1 M/tt/M

1 W/KI

———

1

1

1

1

1

1

1

SIM-11

1

MIMISN

EH5I7

15/04/1*

W/KI

———

1 IMS-41

1 1

1 MIMIMI

1 EH9N

1

1 I5/M/I*

1 W/KI

———

1 HM-«I

1 1

1 IMMim

IEN9M

1

1 I9/I9/M

1 W/KI

—— .

1 IM7-01

1 1

1 MMISI1

1 EN9W

1

1 I9/I9/U

1 W/KI

———

1 MM-ff

1 1

1 MIMIMI

i EN9f 1

1

: N/IS/M

1 W/KI

2.1

1

1

1

1

1

1

1

J1,1,2,2-TttritklorofUwt
1,1-lichlorottkaii
2-tuUMM
2-HlllMMI

Mlttkyl-2-PMtimi
AciteAi
IMIMI
CarkM liiiUUi
EtkylkMint
Nttkylmi CklorUi
Tolutni
Totil lyliMi
Trickloroithint

17.

1.
12.

——
1.

——
n.

—

3 1

A J
7 1
—
2 J
—
S 1

—

U.I 1

1.) J
22.A 1

———
M J

———
31.7 1

———

14.5 I

1.3 J
M.3 1

— ...
1.4 J

———
27.2 1
. ——
———

2l.f 1 ••*11J* I4«t

___.. Ill 1 AI.I • l.w

S4.2 1 94.1 1 22.4
—— . ——— . — _
•— *~ t.4 • 1.1
. —— ——— ———
41.1 1 23. » 1 22.4

A 1

—— —— ——

I

Jl
1

Jl

1
Jl

II.A Jl

———
M.t 1

——
. ——
21.4 1
t.S Jl

———

———

———
22.1

—— .
I.I

———
14.7
0.5

———

1

Jl

1
Jl

2.1

24.9
9.1
4.1

. ——
———

I.A
———

I7.V
I.A

———

J

1
J
J

Jl

1
Jl

J - Estimated Value
B • Compound Detected In Lab Blank



TMUEFB
flf KNIVfcllllf MUNIC

NtfMX WfttIMTLES
KIWEI UWf ILL

MMLVSEI

1,2-licklwokMtnt
MylkMiylpktkilUi

MASE

CHUM HUNK!

Tltff 1C tfPMT HUNKI

MTE COLLECTEI

UNITS

i awi-ii
1 1

t iMMini
1 EHH2

1

1 M/M/M

1 U6/L

1 «M2-«I

1 1

1 IMMIOi

1 0033

1

1 N/M/14

1 W/L

1 MIJHM

1 1

1 IMMIttl

1 ENS94

1

t M/M/M

1 W/L

1 HtMl

1 1

1 IMMIIM

10093

1

1 M/M/M

1 W/l

1 MN3-4I

1 1

1 MIMIItt

1 D034

1

1 M/I4/I*

1 W/L

1 WM-f 1

1 1

1 IMMIIM

1 EH997

1

1 M/M/tt

1 W/L

1 MM7-4I

1 1

1 IMMIItt

IOBM

1

t IVM/14

1 W/L

1

1

. 1

1

1

1

1

mi-m
i
MMflttft

OC7I

M/W/M

W/L

1 SM7-»

1 1

1 UMtlMI

1 EH99I

1

t 03/M/tt

1 W/L

1

1

1

1

1

1

1

Mml
kUtt-ChlWMtkyllEtktr
kit(2-Etkylknyl)fktk<liti

1.1 J

1.1 J

1.4 Jl

4.1 J
I.t J

II.* I

J - Estimated Value
it • Compound Detected In Lab Blank

•.* J

1.2 Jl

•.I J

I.2 J

II.9 I

•.I J

I.S J
••••*•

2.t Jl U.I 1 14.1 1 l.t Jl

J.4 J

111.* I



F9
SUfllMWY V SEHIVOUTILE ORGANIC COHPOtiND ANALYSES

SE9M8IT SAMPLES
SUMO LMOFILL

PHASE

OIL LOS NUHBER

TXAFFIC REPORT NUHBER

DATE COLLECTED

UNITS

: 8M1-01
; i
! NM01S77

i ER940

\

\ 09/04/14

: ii/n

: SBOMi
: i
! 86MOIS7I

! EM941

11

! 09/04/86

: US/KB

! SN3HU

: i
! 86MOIS79

! EH942

!

! 09/04/84

! U8/K8

: SD03-8P
I 1

! 84M01079

! EH9S4

!

! 09/09/84

: UB/KS

: siHH-oi
! 1

! 84M01S80

! EH9B7

!

! 09/04/84

! US/KB

5009-01

1

B4M01SB1

EH9B8

09/04/84

U6/K8

SD04HJ1

1

84RA01S82

EH989

OS/09/84

U6/K6 •

2Htothyliuphthilmt
4-Rtthyl phenol
AcMipkthMt
Actiuphthylmt
Aathricmt
BmtoUlAnUirKtnt
8mo(t)Pyrinf
8Mte(blFlturutkMt
Btata(g,h,i]Ptryltf)t
BflizotklFlaorifltkMt
ButylbmzylphtluUti
ChryiMf
Di-fl-ButylphttuUti
OibtflZoU,hlAnthr*ctflt
OibMzofurtn
DittbylphtluUti
Flaoruthtfti
Flitartni
Ifldmo(l,2,3-ctf)Pyrtni
Isophoront
N-Mi tresodiphiny 1 nine
Uptlultnt
Nitrobwztnt
Phmuthrtni
PtlMOl
Pyrw«
bis(2-Ethytht»Yl)Phtlul4ti

3.1
1994.2
•MHMM

9mmmm*

47.9
3U.9
709.7
329.4
294.4
338.0
••••••

433.2
193.4
••««••

•••w

39.0
794.7
28.9

211.1
•*«••••

•••»••

••••••

394.1
139.7
721.2
108.4

J

»

»

J
J

J
j
J

m

1
n

»

j
j
j

»
»

jj
JB

4.9
' 14.9

— —
18.4

341.4
298.0
309.9
298.9
142.9
198.9
— ——
279.4
144.0
".-••
— —
42.9

991.9
27.1

147.3
• • • • • •

••-•••
....-
338.2
99.0

917.9
104.3

J
J

J
J
J
J
J
I
J

J
JB

i

i
I

J
J

JB

——— 2.0
21.0 J 90.4

••••• - ••••••
•••••• •••-.-
——— 94.4
——— 47.4
. — — — — .
——— ,34.4

• ••••• ••••••
——— 37.9
. —— ———
——— 40.2
110.8 JB 104.4
. —— ———
,.• ••- •••••..
'S1.7 J 33.9
——— 137.0
•...-— •••••

——— ———
.. —— ———
——— ———
...... —— -
. — ~ _ — .
——— 90.3
39.4 J 99.5

i - t j j ~ 89.0
73.7 JB 83.9

J
I

J
J

1

J

J
JB

J
J

J
J
J
JB

_ | M T T n ± * »

14.7 J 274! 3
——— 91.3

• • • . — ——
——— 90.3
" ^ T L t i 299.2
——— 444.4
——— 224.9
——— 143.3
——— 179.4
——— 31.7
——— 274.4
40.1 J1 33.2

——— 32.7
——— 29.1
28.1 J 29.1

——— 404.8
——— 94.4
——— 124.4

8.2 J ———
r™-" 2* 4

——— . 12.9
— _ — _ —
——— 443.9
43.4 J 84.4

——— 441. J
49.4 JB 394.4

J
J
J

J
J

1
J
J
J
J
JB
J
J
j

J
J

J
J

JB

JB

__..
10.9

———
_.._
. —— .
_ — .

8.4
11.4

———
14.4

———
———
39.4

— . —
. — ._
21.0
31.3

_ __
___
114.3
—— _
___
—— .

15.1
15.1
21.7

107.4

J

J
J

J
.

JS

J
J

JS

J
JB
J
JS

J • Estimated Value
B - Compound D«t«ct«d la Lab Blank



TABIZF10
SUMMIT tf KSTICIK/KI CMNUM) MULVKS

KIIKNT Ittriil
5KIWU LMUFIIi

wst
ML LN MMKI

TUFFIC KNIT MMKI

MTE COUECTEI

WITS

1 SN?-«I !

1 1 1

1 HIMIIN 1

1 BOH 1

1 1

1 M/tt/14 1

1 tt/KI I

iNT-ir
1
IMMIHS

CNNI

tt/M/M

N/KI

i IHMI
1 1
llttMtNH

IEMH3

1

I W/tt/U

i mm

i HIMI
1 1
I IMMtIM

1 0014

»

! W/II/M

1 W/KI

i nn-ii
1 1
I UIMIIM

torn?
i
1 «/«/M

i w/n

i
i
i
i
«
i
i

At J.I. ...-». ...... ...... ...... I H> 1Ml if I • "•*""" ——- — ...... ...... | ̂  ̂  j

Aroclw-l2M 11.4] J IMS J 442.11 ——— ———
»-| & _ MM* -...fc. «..*__ ...... A • 1 ______nil! InL ••••»• — ~»~~ * p^j j »••»

H>_4___ ...... ...... ...... .....M *H IKiiont "•**** •"*" m i--""* •• ™"" /t,i

J - Estimated Value
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TABIE P12
SUMMIT OF INOMMIC CMMM IIULVSES

UIIKIT MVUI
SKINNEI LMUFILL

PHASE

CM.LMNUNKI

TltfFIC tfPMT NUNKI

MTE COLUCTEI

WITS

1 -MI-01

1 1

1 UIMII77

1 NEJItl

!

1 03/04/14

! N8/KI

1 SN2-II

1 1

1 UIMII7I

1 KJI14

1

1 19/04/14

I M/KI

1

1

1

1

1

1

I

IN1-4I

1

IMMIITt

NEJI19

•3/04/14

mn»

ininr
1 1
1 UIMIITt

IKJI14

1

119/19/14

IM/U

i im-M
1 1
1 lilMIIW

1 NEJIfT

1

1 09/04/14

i mm

IH03-OI

1 1
1 UIMIHI

1 ffJIN

1

1 M/04/14

i M/KS

1 M44-OI

1 1
i MMim
i K.m
i
Itt/tVII

t mtu

ISN7-I1

1 1
1 MMUSIl

1 NEJ2N

1

1 09/09/14

i mm

I SN7-V

1 1
i I4MOIM3
1 NEW 77

J

1 19/19/14

i mm

i
i
i
i
i
i
i

AlMiMI
AniitMy
Ikriuic
larim
Itryllim
Cifaim
C«lclm
CkTMiM
Milt
Caffw
IfM
Itti
NifOlliM
NM|MHI
lickil
PotilSiHt
SatfiM
Tii
Viii^Ui
lilt

MM
«

———
141
———

nm
IS
22
ii

24IH
4)

H2«
2331

?t
......
240
U
22
12

I2M
14
4.1

15.1
—— .
......

142MC
12
II
12

13400
12

33200
1020

Ii
1350
230

32
———
21

1420
44
1.4

. 42
_«~

4
121000

17
17
21

24444
14

14000
711
24

_____
If!
35
II

100

12410
44
f.O

100
— —

9
47000

20
21
.21

2iHO
12

USOO
m
34

——
IS!
33
23
71

70H
41
7.1

94.0
———
••MM»«

I2MOO
14
14.
14

11440
7

22700
730
22

———
177
31
14
44

4140
31
7.4

14
• ——
—._

123000
1

13
II

(SIM
12

21000
414
. ——
——
224
———

14
40

11400
———
10
14

..___
4

22100
19
14
20

214M
21

9190
MI
23

1130
213

. ———
20
37

HM .
42
1.1

17
———
......

49900
13
23
17

21300
44

9090
IMO

24
———
243

40
20
74

10000
44
11.2
13

——
. — ._

57100 '
14
22
11

21000
44

5110
1400

24
—— .
231
52
II
It
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TABLE F14
SUiMV IF VOLITILE MIMIC ONffOUM MMLV8EI

SWFMX MIL SMVLES
SKINNEI LMIFILL

msE
CM. LM MUMER

TRAFFIC KFttT NUNKR

MTE COLLECTCI

IMITI

1,1,1-TrlcklorMtkiM
2-luUiMi
feltOM

t 8802-11

1 1

1 I4MOIS04

1 EH220

1 ,

1 M/M/04

1 M/KI

1) J

1 ISM-01

1 1

1 MIMIM7

1 EH22J

1

1 M/M/14

1 M/KI

II

I8SM-02

1 1

lUMOIMI

1 EN224

1

1 M/M/14

1 M/XI

11 1
J II J

1 UM-lf

1 1

1 I4MOIIM

1 EN229

1

1 M/M/N

1 M/KI

l.t J

1 ISM-11

1 1

I MRHvllvV

1 EN224

1

1 M/M/14

1 M/KI

1.1

1 B05-02

1 1

1 I4MOIIIO

1 EHMI

1

1 M/M/14

1 M/KI

4.t J

J ••-•••

1 1804-01

1 1

1 I4IMIIII

1 EH302

1

1 M/M/14

1 M/KI

14

1 UN-02

1 1

1 I4IMIII2

1 ENMI

1

1 M/M/14

1 M/KI

14

1 8SM-OI 1

1 1 1

1 MMOISI3 1

1 EK304 1

1 1

1 03/01/14 1

1 t

— — —

itOM 1) J II J II J M J
iitni 2.2 J ...... ...... ......
rkM llnlfUi ------ ——— — - ———
thy lint Chlorltfi ------ ...... ...... .. ..
I fit Ml Or Ml Ml At -----. ...... ...... ......
1 »... A — «_ — — »— »—lutnt • .-».- ......

1.1 j —— |«
I.I J 1.72 J

...... » i i ....•"~~ Z.I •

...... 2.4 J

1 4 «.*.*.

4.4 i 1.4 I
.

' 1.1 i ———

J • Estimated Value
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TABLE F17
SUMMIT OF INOMAIIC COHPOIil MMLVSEfi

tWFKE MIL MNPLES
ttlNKI LMMFIU

PHASE

CM. LOB NUIiEl

TMFFIC IEPNT MMEI

MfE COLLECTEI

UNITS

lluilHU

»

J

1

1

J

1

1

SSOI-OI

1

MIMINI

KJIII

M/M/tt

mm

ASM

! SSII-12

1 1

1 IUMIM2

1 KJII2

1

1 M/M/tt

1 M/KI

fMt

! 8847-01

1 1

1 IMMIM3

1 KJII3

1

1 M/M/tt

i mm
7240

1 6MM2

1 1

I ttMllfM

1 KJIM

1

1 M/M/tt

i mm

nil

1 tMl-tl

1 1
1 MIMIIM

1 KJIM

1

1 M/M/tt

1 M/KI

AMI

1 MI3-I2

1 1

1 ttlMIMA

1 If JIM

1

1 M/M/tt

i mm
I2M

IMM-II

1 1

1 MMIIM?

1 KJIIT

1

1 M/M/tt

1 M/KI

II7M

lttM-12

1 1

1 OUMIIM

IKJIM

1

1 M/M/tt

1 M/KI

I47M

1 SSM-IP

1 1

StttMIMI

1 KJIM

1

1 M/M/tt

i mm
M4M

1

1

1

1

1

1

1

lluilHU
tatitMy
Ariitic
liriM
lirylliui
Cifciut
ClItiM
CkraiiM
Milt
toff*
fttAAl 4*ItfMIIf

IrM
LtU
llfMlU*

MMIMMI
M&rfMfMnflrCttfy
Nicttl
PoUifim
MiM
Til
VtiatfUi
liic

ASM

—— .
14

———
———

79000
12
7.1

25

2I3M
tt

ISiOO
II »0

II
1310
1020
———
IS
m

fMI
- —— -

«,l
n——

• — •—
7MM

12
l.t
It
......

292M
3t

12*00
I4M

22
1390
W3
———
21
n

72M
— ~
I

I2S
———
~ • —

70504
13
7.3

25

2I3M
SI

um
2270

If
1121
———
———
IS
14

fill
— •—
i.l

143
1.19

— —
M7M

13
12
23

2ifM
43

Sttl
27M

21
I3M
714
———
22
71

AMI
.. — .
__~.
f3
~~~
— ~~

4AAAAIWPV

IS
n
22

um
ii

74M
Hi •

17
Ml
—— .
———

IS
in

I2H
—— —
. —— .
Ill
—— -
•— ~

MM
II
II
17

20200
27

2311
1571

14
f4l
———
———
Ii
12

II7M
~— -
.. — .
74

• — ~-
~~—

I32M
IS
12
It

•i-"m

273M
It

4471
im

21
I2M
———
———

23
i2

I47M
— ——
_~^>
93
1.7

-~—
34iM

23
IS
29

390M
i.l

1171
9il

31
24M

7S3
———
2i
7i

I44M
— —
. ——
S3
i.n•— —

IIIOO
21
14
24

3f4M
7.1

M4I
574

33
2120
if!
———
24
II



TABLE FA/ (oont'd)
SUHNMV OF INOMMIC COMPOUNI ANALYSES

SURFACE SOIL SAMPLES .
SKINNER LAMFILL

PHASE

CRL LOB NUMER

TRAFFIC REPORT NUHKR

RATE COLLECTEI

UNITS

AlMUil

Afttiwy
Artnlc
1 trin

1 SSM-01

1 1

1 IMMISI7

1 MEJIlt

1

1 09/01/04

1 M/KR

2971

».2

1 ISM-12

1 1

1 IMMIIII

1 NEJIM

1

1 09/01/14

1 mm

2IM

7

1 HIMI

1 1

1 MIMIIIt

1 IEJI2I

1

1 09/01/14

1 mm

TIM

II
117

1 SSIM2

1 1

1 IAIMIIN

1 K JI22

1

1 09/01/14

i mm
HIM

19
IM

1 Slll-ll

1 1

1 UIMIM4

i mim

1

1 M/tl/U

i mm
MM

1
7)

1 HI2-OI

1 1

1 IMMim

1 KJ1M

1

1 09/01/04

i mm
1140

M
112

1 1813-11

1 1

IIAIMIttt

1 NEJttl

1

1 09/OI/IA

i mm
74M

A. 7
124

1

1

1

»

1

1

1

Afttiwy
AT till c
1 trin
RtryllUi

Cilclm
Ckroiin
Cokilt
Copper
CytiiUe
IrM
Lti4
Nifittiui
HuiMtti
Mercury
Nickil
Potifilui
Soil m
Tii
Viiitfiu
line

———
....--

f.2
—«.--

2IOOM
II

———
14
......

(MM
19

494M
414
———
10

471
IflO
———
1

101

—— ..
———

7
_„..

II40M
4.7
4.1

12
• ——

I2MO
11

4MM
941
———

7.1
434

IMO

1
47

__--
II

117
O.t

974M
13
f.7

3f
..— .

4I4M
121

3440
I9M
———

17
IIM
4fl
......
20

32t

—— ~
19

IM
......

04M
II
13
34

—— .
3f7M

22
4940
1030
———
30

1440
M4
———
2t
t2

—— .
1

73
— —

•MM
II
7.4

23
—-..

2IMO
31

II4M
1020
—— ..

14
1490
f34
—— .
II

114

......
M

112
0.44

24WO
14
II
22

— • —
233M

29
39M
IMO
—— .

14
1420
......

23
44

— ™
4.7

124
0.7

31M
II
12
14

——
I74M

21
1420
2MO

12
1120
43t
......
21
43
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TABLE
SUMMARY Of VOLATILE ORGANIC COMPOUND ANALYSIS

GROUHOUATER SAMPLES
SKINNER LANOfllL

PHASE

CRL LOG NUMBER

TRAFFIC REPORT NUMBER

PATE COLLECTED

COHC/DIL FACTOR

UNITS

1.1.1-TRICHLOROETHANE
1.2-DICHLOROETHANE
2-BUTANONE
2-HEXAHONE
ACETONE
BENZENE
BROMOFORM
CARBON TETRACHIORIDE
CMLOROBEHZENE
CNLOROMETHANE
ETHVLBEH2ENE
MCTNYLEHE CHLORIDE
TETRACNLOROETHEME
TOLUENE
TOTAL XYIENES
TRAHS-1.2-DICHLOROETHENE

| 0106-03 |

1 5 1

| 87RA02S09 |

| EN228 |

| 7/28/87 |

1 '.00 |

1 U6A |

...

...
10 J/R
...

10 J
...
9 J
...
...

10 J
...
...
...
...
» • *

...

GU07-03

3

87RA02S10

EN229

7/27/87

1.00

UG/L

...

...
10 J/R
...

10 J
...
9 J
• • •

* • •

10 J
...
...
...
...
...
10

| GU07-03NX |

1 3 1

| 87RA02S10 |

| EN230 |

| 7/27/87 |

1 ».oo |
1 «/l |

...

...
10 J/R
...
1 JB
...
9 J
• »•

• »•

10 J
• • •

...

...

...

...
10

CU07-OP |

5 1

87RA02B-10 |

EN231 |

7/27/87 |

1.00 |

UG/l |

...

...
10 J/R
...

10 J
...
9 J
• «• •

...
10 J
...
• * •

...

...
* • *

10

0109-03 |

5 1

B7RA02S12 |

EN283 |

7/28/87 |

1.00 |

UG/l |

...

...
10 J/R
...

10 J
...
9 J
...
...

10 J
...
...
...
...
* • •

• » •

0110-03

3

87RA02S13

EH284

7/27/87

1.00

UG/L

...

...
10 J/R
...
2 J
...
9 J
...
...

10 J
...
...
...
1 J
—
» • •

1 ont-03
1 >

| 87RA02SU

| EN289

| 7/27/87

| 1.00

| UG/l

...

...
10 J/R
...
10 J
...
9 J
• • •

2 J
10 J
...
...
...
2 J
...
...

| GU12-B)

1 >

| 87RA02S19

| EN286

| 7/28/87

| 1.00

| UG/l

...

...
10 J/R
...
10 J
...
9 J
...
2 J
10 J
...
...
...
1 J
• •> *

• • •

| OIU-03

1 3

| 87RA02S17

| EN2B8

| 7/2W87

| 1.00

| UG/l

...

...
10 J/R
...
6 J
...
»• *

3 J
...
...
...
4 J
9 J
...
...
* • •

| GUIS-01

1 5

| 87RA02S1B

| EN289

| 7/29/87

| 1.00

| UB/L

...

...
10 J/R
...
o J
...
• • •

—
...
...
...
4 J

- 9 J
1 J
...

•

1

1

1

1

1

1

1

OI19-BK

3

B7RA02R1B

EN2M
7/28/87

1.00

OC/L

6
...

30 J/R
—

38 J
...
9 J
...
1 J

10 J
...
9 J
—
9
»••

—

J « Material Analysed For. But Not Oatactad. EatlMtad Ouantltatton lUlt.
R • Data Unusabla. Resampling and Raanalyaia Nacaaaary (or Verification
•-- « No Detection



TAKE <Cont.)
SUMNAIY OF VOUTIIE ORGANIC OONNUND ANALYSIS

GROUNDUATER SAMPLES
SKINNER LANDFILL

PHASE

CRl LOB HUHOCR

IRAFFIC RiPORI HUHOER

DATE COLLECTED

COHC/OIL FACTOR

OMITS

1,1,1-TRICMlOROETMAME
1.2-DICHLOROETHAHE
2-OOTAHOME
2-HEXAHOME
ACETONE

| GUU-03 |

1 ' 1

| 07RA02S19 |

| EN29I |

| 7/29/07 |

1 ».o» I
1 "/I 1

1 J

10 J/R

2 J

euio-or |

3 1

07IA02019 |

EH292 |

7/29/07 |

1.00 |

UB/l |

• •*

• »*

10 J/R

• »•

6W17-03 |

J 1

07M02S20I

IH293 |

7/29/07 |

1.00 |

06/1 |

• •*

tO J/R

0/10-03 |

' 1

07RA02S21 |

EH294 |

7/29/07 |

1.00 |

UOA |

* • m

10 J/R
• ••

• • •

OflO-DK |

3 1

07RA02R21 |

eon |
7/29/W |

1.00 |

UOA |

10 J/i

17

0119-M |

> 1

07RA02S22 |

EH2M |

7/29/07 |

1.00 |

06/1 |

• » *

• • •

10 J/R

0120-01 |

> 1

07RA02S23 |
E»297 |

7/20/07 |

1.00 |

UQ/l |

*• •

• •*

170 J/R

920

OWt-03 |

1 1

07RA02S24 |

EH290 |

7/20/07 |

1.00 |

UOA |

• • •

10 J/l

10 J

OM22-03 |

3 |

07RA02S25 |

(•299 |

7/19/07 |

0.10 |

06/1 |

4500
1000 J/ft
740 J

4000

003-03

1

07RA02S24

EH300

7/29/07

0.50

UOA

10 J/R

1

1

1

1

1

1

1

OENZEME

CHLOMOENZEHE
CNIOMNE1MAHC
EIHVLOEHZENE
HCTNVLCM CHLORIDE
TETRACNLOMCTNEME
TOLUEME
TOIAL XTLEMES
IRAMS-1.2-OICm.(MOEriieNE

3 J

4 J
5 J

2 J

10 J IS J S J 4 J 3 J

26 J

52 J
170 J

• ••

3100
too
31 J

4 J
5 J
0

10 J
• • *

3 t
• * *

2 J

140 J

100 J
2200 J

530
300 J

4 J

J • Hater I •! Arulyied For. Out Mot Detected. EttlMttd Ouentlutfon LUlt.
R • D«u Onuseble, Resampling and Reenalytit Necettary (or Verification
--• « Ho Detection



r
TAKE

SUMMARY Of SCHI-VOLATILE ORGANIC COMPOUND ANALYSIS
GROUNDUATER SAMPLES

SKINNER LANDFILL

PHASE

CRL LOO NUHOER

TRAFFIC REPORT NUMBER

DATE COLLECTED

CONC/OIL FACTOR

UNITS

1.4-OICHLOROBENZENE
2.4-OINITROPHEHOL
2,4'DINITROIOLUENE
2-NETNVlPNENOL
t.6-OIHIIRO-2-HETHYLPNENOL
4-METNVLPHENOL
4-HITROPHCNOL
OENIOIC ACID
•EHZVL ALCOHOL
•IS(2-CHLOROETHVL)ETHER
RIS(2-ETHVlNEXVL)PNTNALATe
DIMETHYL PHIHALATE
DI-N-OUTVLPNTHALAIE
HEXACHLOROCVCLOPENTADIEHE
ISOPHROHE
HAPHTNALEHE
PHENOL

| 0106-03 |

1 3 |

| 07RA02S09 |

| EN220 |

| 7/20/07 |

1 LOO |
1 «A 1

...
50 J
...
"•
SO J
...
• • *

SO J
*•*

* • •

—
• • *

...
10 J
...
...
...

CU07-03

3

B7RA02S10

EH229

7/27/07

1.00

U6/L

...
SO J
...
...
SO J
...
• • •

SO J
...
...
...
...
...
10 J
...
• • *

...

| GU07-03NX |

1 3 1

| 07KA02S10 |

i EN230 |

| 7/27/07 |

1 ».oo I
1 w/i |

...
SO J
...
...
SO J
...
• ••

' SO J
• ••

• *•

...
• ••

...
10 J
...
...
...

CU07-DP |

J 1

07RA02010 |

EH231 |

7/27/07 |

1.00 |

ttt/l |

...
SO J
...
...
SO J
• • •

—
SO J
• • •

...
3 J
—
• * •

10 J
...
• »•

• * •

CM09-0] |

3 1

07RA02S12 |

EN203 |

7/20/07 |

1.00 |

UO/L |

• »•

SO J
...
...
SO J
• ••

• »•

• *•

...

...
—
• ••

• •»

10 J
...
...
...

GU10-03

3

B7RA02S13

EN2M

7/27/07

1.00

UG/L

...
SO J
—
»• •

SO J
...
...
...
...
17
2 J
• * •

...
• ••

• • •

...

...

| 0111-03

1 >

| 07RA02SU

| EH20S

| 7/27/07

| 1.00

| UC/l

• • *

SO i
• » •

• » •

SO J
• •*

• *»

SO J
...
...
...
...
...

10 J
• • •

**•
• * »

| 0112-03

1 3

| 07M02S1S

| EH206

| 7/20/07

| 1.00

| UOA

...
SO J
• • •

• • •

SO J
»••

• •»

SO J
...
...
*• •

• ••

...
10 J
* • •

...
• • •

| 0114-03 |

1 3 |

| 07RA02S17 |

|EN2U |

| 7/29/07 |

1 «.oo |
1 U6/L |

...
SO J
•>• •

• •*

SO J
...

...

...

...

...

...

...

...
10 J
* • •

...
• » »

om-w |
3 1

07M02S1* |

EN209 |

7/W/07 |

1.00 |

UO/l |

...
SO t
...
...
M J
• ••

• • •

...

...

...
• * »

...

...
• ••

• • •

...

...

oiis-ix
j

07RA02R1

EM290

7/20/0?

1.00

U6/L

..*

M J
...
• •*

SO i
...
...
SO J
—
...
—
—
• • •

10 J...
* • •
* • *

J • Material Analyzed for. lot Not Detected. Estimated OuantlUtton LUrit.
R « Dm Unusable, ResaMplIng end Reanalytl* Necessary for Verification
••• • Ho Detection



TAME <Cont.)
SUMMARY Of SEHI-VOLATILE ORGANIC COMPOUND ANALYSIS

GROUHDWAIER SAMPLES
SKIMMER UNOflU

PHASE

CRL LOO NUMBER

TRAFFIC REPORT MMRER

DATE COLLECTED

COHC/DIL FACTOR

UNITS

1 4-Dlfmmnmi7FMF

2.4-OINI1ROPNENOL

| 0116-03 |

t 3 1

| B7RA02S19 |

| EH291 |

| 7/29/87 |

1 «.» 1

1 ««A |

• ••

SO J

OIIA-OP |

3 1

B7BA02019 |

EN292 |

7/29/87 |

1.00 |

UO/L |

SO J

0117-01 |

3 1

B7RA02S20 |

EN29I |

7/29/07 |

I.OB |

MBA |

7 J
SO t

cuia-oj |

3 I

87RA02S21 |

EN294 |

7/29/07 |

1.00 |

UQ/l |

3 J
SO J

CW18-M |

3 1

87RA02R21 |

EM29S |

7/29/07 |

1.00 |

UB/l I

SO J

OH9-03 |

3 I

87RA02S22 |

EM296 |

7/29/07 |

1.00 |

08/1 |

• ••

SO J

CU20-03 |

3 1

87RA02S23 |

EH297 |

7/2«7t7 |

1.00 |

UOA |

5 J
SO J

OBt-OI |

3 I

B7RA02S24 |

EM298 |

7/20787 |

1.00 |

UO/l |

• • •

• * •

0122-03

3

•7M02S2S

EN299

7/29/07

0.10

UO/l

• • •

• ••

1
1
1
1
1
1
1

0123-03
3

87RA02S24

EMM

7/29/17

O.SO

MA

*••

toe j

1
1
1
1
1
1
1

2,4-OIHITBOVOUIENE
2-HETHYlPHEttOL
4.6-DIHITRO-2-HETHVLPNEHOL
«-METHYlPMEMOL
4-HITROPNEHOL
REMZOIC ACID
•EHZVL ALCOHOL
8IS(2-CHLOROETHYL)ETNER
8IS(2-ETNVLNCXVL)PHTNALATE
DIHETHYL PNTHALATE
OI-H-WTVLPHTMAUTE
MEXACNLOROCYCLOPENTAOIEME

NAPHTHALENE
PHENOL

SO J SO J
• ••

SO J
• »•

»»•

• • •

10 J

SO SO J

9 J

SO J
• ••

• ••

SO J
• •»

»••

• »»

»••

10 J

SO J SO

9 J
240

10 J
• • •

SO J

10 J

450
SOO J
350

SOO i

24 J
• ••

100 J
91 J
*»•

670

S J
20 J

J • N«t«rUI Aralytod For. Out Hot D«t*ct«d. EttlMtod Ouwwltatlon LUrit.
R • Data Unu**bl«. Retailing wxi Rexutytlt Mtcittcry for Vtrlflection
••- • Ho Detection



TARLE
SUMMARY OF PESTICIDE/PCI* ORGANIC COMPOUND ANALYSIS

GROUNMMTER SAMPLES
SKINNER LANDFILL

PHASE

OIL LOG NUHOER

TRAFFIC REPORT NUMBER

DATE COLLECTED

CONC/DIL FACTOR

UNITS

| GUM-03 |

1 5 1

| 87RA02S09 |

| EN228 |

| 7/28/87 |

1 1-°° 1

1 UBA |

CU07-03

3

87RA02S10

EN229

7/27/87

1.00

U6/L

| GU07-03KX |

1 * 1

| 87M02S10 |

| EN230 |

| 7/27/87 |

1 '-°° 1

1 •«/»• 1

GU07-DP |

5 1

87RA02010 |

EN231 |

7/27/87 |

1.00 |

UBA |

GU09-03 |

3 |

87M02S12 |

EH283 |

7/28/87 |

1.00 |

UBA |

0110-03 |

3 |

87RA02S13 |

EN284 |

7/27/87 |

1.00 |

UO/L |

| 0111-03

| 3

| 87RA02SU

| CN2M

| 7/27/87

| 1.00

| USA

| 0112-03

| 3

| 87M02S1S

| EN28A

| 7/28/87

| 1.00

| UBA

| OIU-03 |

1 1 1

| 87RA02S17 |

| EN288 |

| 7/29/87

| 1.00

| UBA

| 0111-03 |

1 5 1

| 87RA02S19 |

| EN289 |

| 7/29/87 |

| 1.00 |

1 CM- 1

om-oK
3

B7RA02H18

EN290

7/28/87

1.00

UBA

AI0M-ONC
0«ta-ONC
OtlU-ONC

Aldrln
Ntptacklor Epoxid*
Endotuttwi I
DUldrln
4.4-DOE
Endrin
EndBMiUm II
4.4-000
Endrln Aldehyde
EndMulfwi Sulfat*
4.4-00!
Methnychlor
Endrin ICetone
Chlordcnt
ToMphtiw
AROCLOR-1016
AROCLOR-1221
AROCLOR-1232
AROCLOM-1242
AROCLOR-1248
AROCLOR-12S4
AROCLOR- 1260

--- » No Detection



AI0M-

0«lt*-RNC
BMM-BNC
NtptKhler
Aldrln
H«pt«chl«r
Ento«uU«n I
Dltldrin
4.«-DDE
Endrin
EndMulfan II
4,4-000
Endrln AUMiyd*
Endow! fan SutUt*
*.«-OOT
NttlMMycklM-
Endrln Miant
CklordMM
Toxaphtn*
AROaOR-tOto
AROCLOR- 1221
AROCLOR-12S2
MOCLOR-12«2

TABLE (Cant.)
SUMMIT Of PESTICIDE/PCBs ORGANIC COMPOUND ANALYSIS

CROUNOUATER SAMPLES
SKINNER LANDFILL

PHASE

CRL LOG NUMBER

TRAFFIC REPORT NUMBER

DATE COLLECTED

CONC/DIL FACTOR

UNITS

| 0116-01 |

1 3 1

| 87RA02S19 |

| EN291 |

| 7/29/87 |

1 *>°° 1

1 •*/!• I

0116-DP |

5 1

87RA02D19 |

EN292 |

7/29/07 |

1.00 |

06/1 |

Oil 7-01 |

3 1

87RA02S20 |

EN291 |

7/29/07 |

1.00 |

UB/L |

Ofia-03 |

3 1

87RA02S21 |

EN294 |

7/29/07 |

1.00 |

UBA |

0118-K |

3 I

B7RA02R21 |

EN29S |

7/29/07 |

1.00 |

UBA |

0119-01 |

3 1

87RA02S22 |

EN294 |

7/29/07 |

1.00 |

UB/L |

000-01 |

3 I

87RA02S21 |

EN297 |

7/28/87 |

1.00 |

UBA |

GU2I-01 |

3 1

B7RA02S24 |

EN298 |

7/20/07 |

1.00 |

UBA |

0122-01 |

1 |

87RA02S25 |

EN299 |

7/29/07 |

0.10 |

UBA |

0123-01 |

3 |

87IA02S26 |

ENMO |

7/29/07 |

0.50 |

UBA |

AROCLOR-I2$«
AROCLOR-1260

••- « No Detection



TABLE
SUHNMV OF SAS PEST 1C IDE/PCI t ORGANIC COMPOUND ANALYSIS

GROUNMMTER SAMPLES
SKINNER lANOflLL

| GU06-01 | CU07-03 | CU07-03MX | QU09-OS | 6U10-03 | GU11-03 | GU12-03 | GUU-0) | GUIS-03 | GUIS-IK |

PNASE | 3 | 3 | J | 3 | 3 | J | J | 1 I J J J |

CRL LOG NUHIER | 87RA02S09 | 87RA02S10 | 87RA02S10 | 87RA02S12 | 87RA02S1I | 87RA02SU | 87RA02S1S | 87RA02S17 | 87RA02S18 | 671X02*U |

IRAFriC REPORT NUMBER | EN228 | EN229 | EN230 | EN283 | EN284 | EN28S | EN28A | EN28S | EN289 | EN290 |

DATE COLLECTED | 7/28/87 | 7/27/87 | 7/27/87 | 7/28/87 | 7/27/87 | 7/27/87 | 7/28/87 | 7/29/87 | 7/29/87 | 7/28/87 |

CONC/DIL FACTOR | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 |

UNITS | UG/L | UG/L | UC/L | UG/L | UG/l | UG/l | UG/l | UK/I | UG/L | UG/l |

N«x*chIorob«ni tnt
Ntx»chlorocyctop*ntM)l(n*
N*x*dilorcbut*ditnt ••• — ••• — •••
R«MdiloronerborMll«n* ••• ••• ••• ••• ••• ••• -•• ••• -•• •••
Oetackleraeyetopwitin* ••• ••• ••• ••• ••• ••• ••• ••• ••- •••
Mpttcliloranarborin*
Alph*-Cklordenc
8tt«-Cklordin*

-Chlordtn* •-• ••• ••• ••• ••• ••• ••• ••• ••• •••

— -Not Otttcted



TABLE (Coot.)
SUMMARY Of SAS KSIICIOE/PCS* ORGANIC COHPOUNO ANALYSIS

QMUMHMTER SAMPLES
SKINNER LANDFILL

PHASE

CRL LOG MMER

TRAFFIC REPORY MJWER

DATE COLLECTED

COMC/DIL FACTOR

UNITS

| 0116-03 |

1 J 1

| 87RA02S19 |

| EN291 |

| 7/29/87 |

1 1.00 |
1 «*/l 1

CM16-OP

3

a7RA02D19

EN292

7/29/87
1.00

UGA

1
1
1
1
1
1
1

0117-03 |
5 1

B7RA02S20 |

EN293 |

7/29/87 |

1.00 |

UO/l |

0118-03 |

5 I

87RA02S21 |

EN294 |

7/29/87 |

1.00 |

UO/l |

0118-RIC |

3 I

87RA02R21 |

EN295 |

7/29/87 |

1.00 |

UO/l |

CU19-03 |

3 I

87RA02S22 |

EN2M |

7/29/87 |

1.00 |

UO/L |

0120-03 |

> 1

87RM2S23 |

EN297 |

7/28/87 |

1.00 |

UO/l |

0121-03 |

> 1

87RA02S24 |

EN298 |

7/28/87 |

1.00 |

UBA |

002-03

3

a7M02S2S

CN299

7/29/87

0.10

UO/l

1

1

1

1

1

1

1

N«K*chl orecycl opcntwll MM

HtMcfclaronerfaorMliww
OelactilerocyclopMitMM

MtvCktordMW
OMMM-Ckterdcn*

• Not Detected



TA8LE
SUMMARY (V INORGANIC AW CTMHOE COMPUNO ANALYSIS

GKOUNDUATCR AW SURFACE WATER SAMPLES
SKINNER LAWFUL

PHASE

CRL LOG NUMMR

TRAFFIC REPORT NUNKR

DATE COLLECTED

CONC/OtL FAaOR

UNITS

Alininun

| CU07-03 |

1 3 1

| 87RA02S10 |

| NDM37 |

| 7/27/87 '|

I 1-00 |

1 UC/L |

96 J

CU07-OP |

3 I

87RA02010 |

NEN039 |

7/27/87 |

1.00 I

USA |

23 J

0112-03 |

3 I

87RA02S1S |

NEN040 |

7/28/87 |

1.00 |

UB/L |

20 J

0*15-03 |

3 I

87RA02S18 |

H0041 |

7/29/87 |

1.00 |

UC/L |

• • •

CV15-K |

3 I

87RA02R18 |

MN042 |

7/28/87 |

1.00 |

UC/L |

19 J

CU20-03 |

3 I

87RA02S23 |

NEH043 |

7/28/87 |

1.00 |

UC/L 1

...

SU17-01 |

3 1

87IA02S08 |

HEN038 |

7/29/87 |

1.00 |

UC/L |

502Alininun
Anttnony
Arsenic
larivjn

Cadmium
Catciua
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Tin
Vanadium
Zinc

96 4
...
...

101 J
• * •

• * •

13600
...
...

6.2 J
49 4
...
22000
484
...
...
1610 4
• * •

* • •

29600
...
...
...
29

23 J
...
...
97 J

...
133000
• * •

• • *

8.3 4
• • *

...
20900
466
* • •

...
1390
...
• • *

30000
• •*

• * •

...
22

20 4
* • •

...
73 J
* • •

*• •

239000
** •

93 4
to 4
39 4
** »

83100
3490
*• •

38 J
34700
...
...
198000
...
...
...
10 J

19 J
...
... ...
89 J

... ...
164000 232 J
...

6.9 J
24 J
...
33800
2280 •*-
... ...
8.7 J
8410
... ...
... ...
76400
... ...
...
...
5.4 4 3.9 J

...

...
48
597

...
195000
...

...
31600
...
31600
1150
...
20 4
41500
...
...
81200
...
...
...
12 J

502
...
...
46 J

.;.
69200
...

7 4
872
...
20100
35
...
...
3920 4
...
...
19400
...
...
...
7.2 4

Cyanid*

J > Estimated Value
••• * Mot Detected
CU * Crounduater
SU • Surface Uater



IMIE
SUNNMIV Of- VOLATILE OMANIC CONFOUND ANALYSIS

SOIL AND SURFACE VATER SAMPLES
SKINNER IANDfI LI

PHASE

CRl LOG NUMBER

TRAFFIC REPORT NUMKR

OAIE COLLECTED

COMC/OIL FACTOR

UNITS

CHLOMMETHANE
NETNVLEHE CNLORIOE
2-BUTANOHE
1.1,1-TRICNLOROETIIANE
4-HETNn-2-PENTAHOHE
TOLUENE
TETRACNIOROETMENE
ACETONE

| SS14-01 |

1 * 1

| 87RA02S01 |

| EM077 |

| 7/29/87 |

1 '-00 |

| U6/K6 |

12 J
« J

12 J/R
21

12 J
17
...
...

SSU-DP |

> 1

07RA02001 |

EH078 |

7/»/«7 |

1.00 |

U6/K0 |

12 J
5 J

12 J/R
9

12 J
12
...
...

SSU-02 |

> 1

•7RA02S02 |

EM79 |

7/29/67 |

1.00 |

IK/M |

12 J
7 J

12 J/R
• » •

...
39
...
...

SS15-01 |

3 1

•7RM2SN |

EMOM |

7/29/17 |

1.00 |

IM/KO |

M J
A J

U J/R
25

M J
...
...
...

SSI5-01 |

1 1

87RA02S03 |

EMOBI |

7/29/87 |

1.00 |

UftVM |

U J
S J

U J/R
24

U J
...
...
...

SS15-02 |

5 1

87RA02SM |

EN223 |

7/29/87 |

1.00 |

UG/M |

13 J
7 J

13 J/R
• • •

...
3 J
...
...

SOU-01 |

s 1
87RA02SOS |

EN2M |

7/29/87 |

1.80 |

U8/M |

13 J
9 J

13 J/R
10

• • •

• • *

**•

*••

S017-01 |

J 1

87RA02SM |

EN22S |

7/29/87 |

1.00 |

U6/M |

11 J
7 J

11 J/R
...
•>• •>

• a>e>

...
•>• •

SW17-01

3

87RA02S08

van
7/29/87

i.oo
uG/n
...

S J
10 J/R
• • •

• ••

...
S J
4 J

1

1

1

1

1

1

1

J • Material Analytad for. But Not Datactad. Eatlewtad Ouantltatlon Halt.
• • Data Unuaabla. Resampling and Reanalytit Neceaaary for Verification
— • No Detection
SS • Surface Soil
SO « Sedieont
SW « Surface Water



TAILE
SUMMARY Of SEMI-VOUTIU ORGANIC COMPOUND ANALYSIS

SOIL AND SURFACE UAIER SAMPLES
SKINNER LANDFILL

PHASE

CRL 106 NUMBER

TRAFFIC REPORT HUNRER

DATE COLLECTED

CONC/DIL FACTOR

UNITS

| ssn-oi |

1 5 1

| 87RA02S01 |

| EM077 |

| 7/29/87 |

1 ».oo |
| UG/K6 |

SSU-OP |

5 I

87RA02001 |

ENOTa |

7/29/87 |
1.00 |

UG/KG |

SSU-02 |

J 1

B7XA02S02 |

EN079 |

7/29/B7 |

. 1.00 |

UG/KG |

SS15-01 |

5 1

87U02S03 |

ENOBO |

7/29/87 |

1.00 |

UG/KG |

IBIS-01 |

> 1

B7RA02S03 |

ENOB1 |

7/29/47 |

1.00 |

UG/tt |

SS1S-02 |

> 1

87RA02SM |

EN2ZJ |

7/29/87 |

1.00 |

UG/KO |

S016-01

3

B7RA02S05

EN224

7/29/B7

1.00

U6/KG

1

1

1

1

1

1

1

1017-01 |

> 1

87RA02S06 |

EN225 |

7/29/87 |

1.00 |

U6/KC |

SU17-01

3

87RA02S08

EN227

7/29/87

1.00

UQ/KG

1

1

1

1

1

1

1

8ENZOIC ACID
MfXACNLOROCVClOPENTADIENC
2-NITROANILINE
•UTVLREHZVLPHTHALATE
IIS(2-ETNVLHEXYL)PNTNALATE
IHDEHO(1.2<3-CO>PYRENE
DIIENZ(a,h>AHIRACENE
•EN20(g,h,l)PERVLENE
2,4-OINUROPHEMOL
4,6-OINMRO-2-HETNYlPH£NOL

2900 i
590 J
2900 J
73 J
$90 J
590 J
590 J
590 J
...
...

3000
620
3000
«70
620
620
620 .
620
...
...

2900
$90
2900
590
590
590

1 590
1 590

...

...

J
J
J
J
J
J
J
J

3400 .
710 .
MOO ,
710
200
710
710
710
...
...

1 3*00
1 690
1 MOO

690
690
690
690
690

.
...

J
J
J
J
J
J
J
J

3000
620
3000
620
620
620
620
620
...
...

3200
660
3200
660
660
660
660
660
...
...

J
J
J
J
J
J
J
i

2700
560
1700
560
560
560
560
560
...
...

• • *

10 J
• »*

• * •

—
...
...
• • »

SO i
50 t

t • Material Analysed For, Out Not Detected. Estimated Ouantltatlon Halt.
R • Data Unusable, Resampling and Reanatysis Necessary for Verification
••* • No Detection
SS • Surface Soil
SO • Sediawnt
SU - Surface Water



IAILE
SUMMIT Of PESTICIOE/Ptt* ORGANIC COMPOUND ANALYSIS

SOIL AND SURFACE UATER SAMPLES
WINNER LANDFILL

PHASE

CRL LOG NUMOER

TRAFFIC REPORT NUHRER

DATE COLLECTED

COMC/DIL FACTOR

UNITS

| SSU-01 |

1 » 1

| •7RA02S01 |

| EM077 |

| 7/29/67 |

1 t-oo |
| U8/KG |

SS14-OP

3

67M02D01

EN078

7/29/67

1.00

Itt/KO

1

1

I I

1

I

1

1

SS14-02 |

5 1

67RA02S02 |

EN079 |

7/29/87 |

1.00 |

Itt/U |

SS15-01

1

67RA02SOJ

EMOSO

7/29/67

1.00

U6/KC

1

1

> l

1

1

1

1

SflS-01 |

1 1

67M02SOS |

EN081 |

7/29/87 |

1.00 |

UG/K6 |

SS1S-02 |

5 1

67RA02S04 |

EN22J |

7/29/87 |

1.00 |

UO/K6 |

SOU-01

S

07RA02SOS

EN224

7/29/87

1.00

UB/K8

1

1

1

1

1

1

1

S017-01

S

67RA02S06

EN225

7/29/87

1.00

M/K8

1

1

1

1

1

1

1

SUI7-OI

3

67RA02SOO

CN227

7/29/87

1.00

MAC

1

1

1

1

1

1

1

Alpha-Rue
R«U-RNC
DtlU-RNC
6MM-RNC
H*pt»chlor
Aldrln
Htptacklor Eponldt
EndotullMi I
DUIdrin
4, 4 -DOC
Endrin
EndMutfw II
4.4-000
Endrin Aldthyd*
EndosuUMi Sulfatt
4.4-OOT
Ntihoxychlor
Endrin Kttont
ChlordwM

AROCLOR- 1016
AROCLOR-1221
AROCLOR- 1232
AROCLOR- 1242
AROCLOR- 1248
AROCIOR-12S4
AROCLOR- 1260

ss
Detection
face Soil

SD • SediMent
SU • Surface Water



r

M*x«cMorob*nt«n«
H*x*chlorocycloptnt*dl«
NiKktorobutMlieiM
••Kach I eronorborwli tn*
Octtchlorocyclopenten*
Ntptcchtoronorborww
Atphi-Ctilorden*
••ta-Chlorden*
CMM-Chlordene

TAtLE
SUHHAIT Of $AS KSTICIOE/PCI« ORGANIC COMPOUND ANALYSIS

SOIL AND SURFACE MATER SAMPLES
SKINNER LANDFILL

PHASE

CIL LOO NUMEI

TRAFFIC REPORT NUMBER

DATE COLLECTED

CMC/OH FACTOR

UNITS

| MW-01 |

1 3 1

| 87M02S01 |

| EN077 |

| 7/29/57 |

1 I-* 1

| W/M |

S8H-DP |

3 1

87RA02001 |

EH078 |

7/29/67 |

1.00 |

IM/KO |

IIU-02 |

3 1

87RA02S02 |

EH079 |

7/29/87 |

1.00 |

UO/K8 |

M15-01 |

3 1

a7tA02M) |

ENOOO |

7/29/87 |

1.00 |

UO/M |

$$15-01 |

3 I

87RA02S03 |

EMOB1 |

7/29/87 |

1.00 |

IM/Kfi |

S$1S-02 |

3 1

871X02(04 |

EN223 |

7/29/87 |

1.00 |

UG/KS |

$014-01 |

3 1

07IM2MS |

CH224 |

7/29/87 |

1.00 |

UO/KO |

$»17-01

J

87U02SM

EN22S

7/29/87

1.00

UG/K6

1

1

1

1

1

1

1

SU17-01

3

87M02M8

EH227

7/29/87

1.00

UG/K6

1

1

1

1

1

1

1

-•- « Ho Detection
SS • Surftee Soil
SD • Scdi«eot
SU « Surface Water



TABLE
SUMMARY OF INORGANIC AND CYANIDE COMPOUND ANALYSIS

SEDIHEHt SAMPLES
SKINNER LANDHU

PHASE

CRL LOG NUMMft

TRAFFIC REPORT NUMBER

DATE COLLECTED

CONC/OIL FACTOR

UNITS

Aluslnus

| SSU-01 |

1 J 1

| 87RA02S01 |

| MEN792 |

| 7/29/87 |

1 LOO |
| MC/M \

9320

SSU-02 |

3 1

B7RA02S02 |

NEN7M |

7/29/87 |

1.00 |

MB/KG |

11700

SS14-DP |

s I
S7M02D01 |

NEN793 |

7/29/87 |

1.00 |

NO/KO |

9350

SS15-01 |

J 1

B7RA02S03 |

HEN795 |

7/29/87 |

1.00 |

MB/KB |

9790

SS1S-01 |

J 1

•7RA02S01 |

NEN796 |

7/29/87 |

1.00 |

MB/KB |

10(00

MIS-02 |

3 1

87RA02S04 |

NEN797 |

7/29/87 |

1.00 |

MB/KB |

9510

SD16-01

3

B7RA02S05

NEN798

7/29/87

1.00

MB/KB

8070

| SD17-01

1 I

| 87RA02SM

| NEN799

| 7/29/87

| 1.00

| N6/N

5960

1

1

1

1

1

1

1

Aluslnua
Antlexmy
Arsenic
Barius
Beryl 1 lua

CalcliB)
dwoalua
Cobalt
Copper
Iron
lead
Magnet lua
Manganese
Mercury
Nickel
Pot ass lu*
Selentua
Silver
SOdiUB

Thalliua
lin
Vanadlua
line

Cyanide
Percent Solids

J « f fled Value
••• • Detected

9320
...
6.8
111 J
0.83 t

15200
' 15
8.6 J
17

23100
25

2790 J
1420
---
21 J
1020 J
...
...
29600
...
...
22 J
65

...
85

SS • Surface Soil
SO • Sediaent

11700
...
11
116

0.94 J

15500
17
12 J
19

25700
IB
3300
1390
...
25

1170 J
• * •

...
698 J
...
...
26 J
65

...
87

9350
...
8.8
101 J
0.84 J

13900
14

9.8 J
17

21500
29
2830
1280
0.14
22 J
1100 J
...
...
...
...
...

1 21 J
69

...
84

SW • Surface

9790
...
8.1
101 J
0.8 J

27400
15

9.8 J
24

23000
39
3090
1630
...
22 t
1820
...
...
...
...
...
24 J
90

...
74

Water

10400
...
9.3
106 J
• * *

• * •

23300
16

9.2 J
22

24000
42
3740
1670
0.23
23 J
1720 J
...
...
...
...
...
24 J
89

...
73

9510
...
8
172
0.87

36900
14
12 i
18

24300
27
3170
2570
...
24 J
1460 J
...
...
...
...
...
24 J
63

...
at

8070
...
8.8
93 i
...

61600
13

11 J
19
21500
32
6040
1810
» • *

22 J
1098 J
...
...
...
...
...
20 J
109

...
74

5960
* • *

9
327
0.65 J

109000
10
10 J
14

23900
13

14900
3310
to
26

740 i
...
...
...
...
...
23 J
52

...
90



SOIL GAS SURVEY
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DRAFT
SOIL GAS SURVEY

Purpose and Scope
A soil gas survey was conducted at the Skinner landfill site from
April 6 to April 10, 1987. The initial purpose of the soil gas survey
was to expand on tiie previously conducted geophysical survey by
exploring locations with anomalous readings in the central shoulder
area that were possible buried drum nests. Further, the buried lagoon
area was to be surveyed to determine the areas of highest contaminant
concentration. The results of the soil gas survey were then to be
correlated with the geophysical results to develop a soil boring
program to further characterize the areas of potential contamination.

The initial scope of work called for the installation of approximately
150 soil probes in the study area which consisted of the central
shoulder and bured lagoon areas of the site. The probes were to be
placed in predetermined locations on the existing site grid system
utilized for the geophysical survey. In this manner, the two surveys
could be correlated to achieve the stated purpose.

Theory '
The instrument used for the soil gas survey was the Miran IB Portable
Ambient Air Analyzer. The Mlxan IB is a microprocessor-controlled
Instrument that can detect and quantitatively measure over 100
compounds at concentrations from a few ppb to the percent range. The
Instrument is a portable ambient air analyzer that can be used to
quantitatively measure to within ±5 ppm a wide variety of organic
vapors. The concentration of organic vapors present is measured by
using the principle of infrared absorption. The principle of
operation, as stated in the operating manual, is:

Infrared energy is emitted from a nichrome wire source through a
light pipe assembly. The light is then directed to the filter
wheel that allows energy at the selected wave-length to pass
through into the gas cell. The sample is drawn into the cell by
the integral air pump at a rate of 25 to 30 litres per minute.
The sample absorbs infrared energy from the beam, and the amount
of absorption is measured by the detector, amplified and
converted to concentration units by the electronics, and
transmitted to the liquid crystal display. The amount of
infrared radiation absorbed by a sample is directly related to
the concentration of the sample according to Beer's law:

A - a x b x c

where A is absorbance, a is the absorbtivity constant, b is the
pathlength, and c is the concentration. The MIRAN IB also
incorporates a curve correction term to correct for any
deviations from Beer's Law. '



Three compounds were chosen for the soil gas survey based on frequency
of occurrence and concentration determined from the Riase 1 analytical
results. These compounds included benzene'/ nethylene chloride and
toluene. Because the Miran IB tests for one compound at a time to
calculate a specific concentration, there is little chance for any
type of interference. Interference could occur in the analysis of two
compounds with absorption wavelengths within 0.5 nicxons. The
wavelengths for benzene, nethylene chloride, end toluene are 9.93,
13.47, and 13.89 microns, respectively. There would be no
interference effects from toluene and nethylene chloride in the
measurement of benzene. The possibility for interference between
nethylene chloride and benzene does exist, however, based on the
results, there does not appear to have been interference. This is
discussed further in the Survey Results section. Other compounds with
wavelengths within 0.5 microns of the compounds being analyzed could
also interfere with the results. Compounds with wavelengths within
0.5 nicxons of benzene, nethylene chloride, or toluene that could be
present at the Skinner landfill site are given in Table 1.

The instrument takes readings continuously (once every 2 seconds) and
for this survey, readings were recorded once every 30 seconds. The
absorption wavelengths of three ocmpcunds measured in this survey are
included in the preprogrammed library of the instrument. Therefore,
no precalibraticn for this study was needed.
Field Rrogram

Upon arrival at the site, it was discovered that the majority of the
proposed study area had been covered with 5 to 20 feet of demolition
debris and solid waste. The fill had covered both the existing site
grid system and the proyoeed soil probe locations. This necessitated
a revision in the anticipated scope of work.

The southern-most portion of the central shoulder and buried lagoon
areas were covered with fill to a naxi3B.ni thickness of approximately
10 feet. It was decided by the U.S. EPA REM and the WESTCH site
Manager to conduct the soil gas survey in this area. A grid system to
locate the soil probes was constructed utilizing existing monitoring
wells on site. The location of this grid system is shown in Figure l.
A total of 19 soil probes were placed within the grid system and the
locations are shown in Figure 2.

The soil probes were 5 feet long and 1/2 inch in diameter with 3-inch
pointed tips. The bottom one foot of each probe was slotted to allowa"~aH entry. The top of each probe had a threaded cap. Figure 3
contains a schematic diagram of the probes.

Because the probes had to be placed in the soil below the recent fill
to accurately assess the amount of contamination present, 5-foot
extenders with threaded ends were constructed to increase the length
of the probes. When the extenders, which also had threaded caps, were
attached, the probes were long enough to penetrate the soil below the
recent fin.



TABIZ 1

POSSIBLE XtflERFERBICE OCMPOUNDS EKESE27T
AT THE SKZHNBt ZANDFZLL SHE

9.47

o-dichlaxob«nz«n» 13.55
p-dichlarct*nz«n» 9.30

«thylbenz«n« 9.90

xyl«n« 13.20



FIGURE LOCATION OF SOIL SURVEY GRID ON SITE.
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FIGURE DIAGRAM OF SOIL PROBE USED AT THE SKINNER LANDFILL SITE.



Prior to installation, each probe and extender was washed with a water
and Aloonox solution and rinsed first with nethcnal and then
de-ionized water. After placement to a depth of approximately 9.5
feet, the probes were capped and allowed to stabilize for 24 hours.
Before use each day, the instrument was taken off site to obtain a
background concentration for the compound being analyzed. The anbient
air concentration of the compound being measured was also recorded at
each probe location prior to attachment to the probe.
Tygon tubing was attached to the instrument, the probe was uncapped,
and the tubing was attached to the probe. Then, measurements of the
concentrations were recorded once every 30 seconds until readings
stabilized. Stabilization usually occurred within four to five
minutes. Table 2 summarizes these results for each ocmxMiil. The
measurements for methylene chloride were obtained at all probes
first. The probe was then recalibrated to background and measurements
for benzene were taken. Toluene was the third compound tested for at
the probes.

Discussion of Results

The stabilized results of the soil gas readings are plotted on the
maps in Figures 3, 4, and 5. Concentrations of methylene chloride
ranged from 2.2 to 868 ppm, benzene from 1.2 to 50 ppm, and toluene
from 1.7 to 768 ppm. There does not appear to be any trend to the
data, rather there appears to be a series of "hot spots" where one or
more of the compounds was detected at high concentrations.

Because the range of concentrations of methylene chloride were 10 to
30 times higher than the concentrations of benzene, there appears to
be no interference (discussed in the "Theory" section) between the two
compounds. The interference usually occurs at concentrations less
than 10 ppm, therefore, the concentrations are most likely accurate.
Also based on the consistency of results, the higher (>10 ppm)

ntrations of most readings, and the accuracy of the instrument,
the readings are probably correct to within ±5 ppm.

The areas of highest concentration of one or more compounds occur in
the northwest and west portion of the survey area, in the area of the
buried lagoon, and there are also some scattered "hot spots" in the
north-central and central areas of the survey.

The results of the soil gas survey were correlated to the results of
the geophysical survey conducted previously by overlaying the two grid
systems. This correlation indicated that several areas of
contamination are indicated by both surveys. Probes 1, 2, 3, and 8
are located in one area of high conductivity and Probes 7, 9 and 10
are in another, as indicated by the EM survey. Probes 8 and 9 are
also located in areas that were determined to be possible drum nests
by the GPR survey. /
By utilizing these correlated results, the proposed test trench
locations, to further characterize the contamination present are
presented in Figure 7.
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FIGURE 4 BENZENE CONCENTRATIONS (PPM)
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FIGURE 5 METHYLENE CHLORIDE CONCENTRATIONS (PPM)
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FIGURE 6 TOLUENE CONCENTRATIONS (PPM).
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FIGURE 7 PROPOSED SOIL TRENCH LOCATIONS.
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